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(M) MOTOROLA 

POWER DEVICE DATA 

Prepared by 
Technical Information Center 


This book presents technical data for Motorola’s broad line of silicon 
power transistors, thyristors, and triggers. Complete specifications are pro- 
vided in the form of data sheets and accompanying selection guides provide 
a quick comparison of characteristics to simplify the task of choosing the 
best device for a circuit. In addition, separate selector guides for power 
MOSFETs, power rectifiers, as well as voltage regulator and reference diodes 
offer a quick technical overview of Motorola’s power discrete device lines for 
power supply and power circuit designs. 

The information in this book has been carefully checked and is believed to 
be accurate; however, no responsibility is assumed for inaccuracies. 

Motorola reserves the right to make changes without further notice to any 
products herein to improve reliability, function or design. Motorola does not 
assume any liability arising out of the application or use of any product or 
circuit described herein; neither does it convey any license under its patent 
rights nor the rights of others. Motorola and @> are registered trademarks of 
Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/ Affirma- 
tive Action Employer. 

Motorola, Inc. general policy does not recommend the use of its compo- 
nents in life support applications wherein a failure or malfunction of the 
component may directly threaten life or injury. Per Motorola Terms and 
Conditions of Sale, the user of Motorola components in life support applica- 
tions assumes all risks of such use and indemnifies Motorola against all 
damages. 
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MOTOROLA 
POWER TRANSISTORS 
IN BRIEF 


Wide Range of Transistor Specifications 

Bipolar transistors, NPNs and PNPs, single and multiple (Darlington) transistor 
structures, metal and plastic packages, Motorola’s inventory of more than 1100 
standard (off-the-shelf) power transistors covers the widest range of specifications 
for virtually every potential applications requirement. 

Current Range — 0.5 to 300 Amperes 
Voltage Range — 25 to 1500 Volts 
Power Dissipation Range — 5 to 500 Watts. 

Darlingtons 

Consisting of two transistors, up to two resistors, and (up to) two diodes on a 
single chip, Darlington transistors achieve gain figures up to 20,000 in a single 
package. Rapid line expansion, and the resulting widespread implementation make 
Motorola Darlingtons highly cost-effective in a fast growing number of 
applications. 

Chips, Chips, Chips! 

Designing a hybrid? Motorola’s total repertoire of power transistors is available . . 
UNENCAPSULATED: Check with your Motorola Sales representative for price and 
delivery. 

Specials Unlimited 

Need a unique transistor with specifications not available off-the-shelf? Chances 
are Motorola can produce it quickly and inexpensively. Routine use of four major 
power processes and more than two decades of experience in the pioneering of new 
structures and geometries provide the insight and capability to meet any required 
specification within the limits of today’s technology. 




POWER 

TRANSISTORS 

Index and Cross Reference 


The table on the subsequent pages contains an 
Alphanumeric index of Silicon power transistors 
currently manufactured and available to the 
industry. 

The column headed “Similar” lists units with char- 
acteristics that might represent suitable replace- 
ments. In cases where such a replacement is 
contemplated, the Motorola device data sheet 
should be carefully compared with one for the 
device being replaced to determine any variations 
that could affect circuit performance. 
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INDEX CROSS-REFERENCE 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2N1487 


2N5877 

1-196 

2N1488 


2N5878 

1-196 

2N1489 


2N5877 

1-196 

2N1490 


2N5878 

1-196 

2N1702 


2N5877 

1-196 

2N3016 


2N5337 

1-158 

2N3021 


2N3789 

1-112 

2N3022 


2N3789 

1-112 

2N3023 


2N3789 

1-112 

2N3024 


2N3791 

1-112 

2N3025 


2N3791 

1-112 

2N3026 


2N3791 

1-112 

2N3054 

2N3054 


1-58 

2N3054A 

2N3054A 


1-58 

2N3055 

2N3055 


1-62 

2N3055A 

2N3055A 


1-65 

2N3055H 


2N3055A 

1-65 

2N3055JAN 


2N5302JAN 

1-50 

2N3055SD 


2N3055A 

1-65 

2N3055UB 


2N3055A 

1-65 

2N3076 


2N6249 

1-257 

2N3079 


2N5838 

1-193 

2N3080 


2N6542 

1-309 

2N3171 


2N3789 

1-112 

2N3172 


2N3789 

1-112 

2N3173 


2N3790 

1-112 

2N3174 


2N6226 

1-189 

2N3183 


2N3789 

1-112 

2N3184 


2N3789 

1-112 

2N3185 


2N3790 

1-112 

2N3186 


2N6226 

1-189 

2N3195 


2N3789 

1-112 

2N3196 


2N3789 

1-112 

2N3197 


2N3790 

1-112 

2N3198 


2N6226 

1-189 

2N3202 


2N3719 

1-88 

2N3203 


2N3720 

1-88 

2N3204 


2N6303 

1-88 

2N3232 


2N5877 

1-196 

2N3233 


2N5632 

1-178 

2N3234 


2N5760 

1-189 

2N3235 


2N3055 

1-62 

2N3236 


2N5632 

1-178 

2N3237 


2N5302 

1-154 

2N3238 


2N5882 

1-199 

2N3239 


2N5882 

1-199 

2N3240 


2N5882 

1-199 

2N3418 


2N5336 

1-158 

2N3419 


2N5336 

1-158 

2N3420 


2N5336 

1-158 

2N3421 


2N5336 

1-158 

2N3441 

2N3441 


1-69 

2N3442 

2N3442 


1-71 

2N3445 

2N3445 


1-74 

2N3446 

2N3446 


1-74 

2N3447 

2N3447 


1-74 

2N3448 

2N3448 


1-74 

2N3583 

2N3583 


1-76 

2N3584 

2N3584 


1-76 

2N3585 

2N3585 


1-76 


‘Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2N3667 


2N5881 

1-199 

2N3713 

2N3713 


1-82 

2N3714 

2N3714 


1-82 

2N3715 

2N3715 


1-82 

2N3715JAN 

2N3715JAN 


1-49 

2N3715JTX 

2N3715JTX 


1-49 

2N3715JTXV 

2N3715JTXV 


1-49 

2N3716 

2N3716 


1-82 

2N3716JAN 

2N3716JAN 


1-49 

2N3716JTX 

2N3716JTX 


1-49 

2N3716JTXV 

2N3716JTXV 


1-49 

2N3719 

2N3719 


1-88 

2N3720 

2N3720 


1-88 

2N3738 

2N3738 


1-93 

2N3739 

2N3739 


1-93 

2N3739JAN 

2N3739JAN 


1-49 

2N3739JTX 

2N3739JTX 


1-49 

2N3739JTXV 

2N3739JTXV ! 


1-49 

2N3740 

2N3740 


1-97 

2N3740A 

2N3740A 


1-97 

2N3740JAN 

2N3740JAN 


1-49 

2N3740JTX 

2N3740JTX 


1-49 

2N3740JTXV 

2N3740JTXV 


1-49 

2N3741 

2N3741 


1-97 

2N3741A 

2N3741A 


1-97 

2N3741JTX 

2N3741JTX 


1-49 , 

2N3741JTXV 

2N3741JTXV 


1-49 

2N3766 

2N3766 


1-100 

2N3766JAN 

2N3766JAN 


1-49 

2N3766JTX 

2N3766JTX 


1-49 

2N3766JTXV 

2N3766JTXV 


1-49 

2N3767 

2N3767 


1-100 

2N3767JAN 

2N3767JAN 


1-49 

2N3767JTX 

2N3767JTX 


1-49 

2N3767JTXV 

2N3767JTXV 


1-49 

2N3771 

2N3771 


1-104 

2N3772 

2N3772 


1-104 

2N3773 

2N3773 


1-108 

2N3788 


2N6542 

1-309 

2N3789 

2N3789 


1-112 

2N3790 

2N3790 


1-112 

2N3791 

2N3791 


1-112 

2N3791JAN 

2N3791JAN 


1-49 

2N3791JTX 

2N3791JTX 


1-49 

2N3791JTXV 

2N3791JTXV 


1-49 

2N3792 

2N3792 


1-112 

2N3792JAN 

2N3792JAN 


1-49 

2N3792JTX 

2N3792JTX 


1-49 

2N3792JTXV 

2N3792JTXV 


1-49 

2N3863 


2N3715 

1-82 

2N3864 


2N5632 

1-178 

2N3865 


2N5634 

1-178 

2N3867 

2N3867 


1-88 

2N3867JAN 

2N3867JAN 


1-49 

2N3867JTX 

2N3867JTX 


1-49 

2N3867JTXV 

2N3867JTXV 


1-49 

2N3867SJAN 

2N3867SJAN 


1-49 

2N3867SJTX 

2N3867SJTX 


1-49 

2N3867SJTXV 

2N3867SJTXV 


1-49 

2N3868 

2N3868 


1-88 
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Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2N3868JAN 

2N3868JAN 


1-49 

2N3868JTX 

2N3868JTX 


1-49 

2N3868JTXV 

2N3868JTXV 


1-49 

2N3868SJAN 

2N3868SJAN 


1-49 

2N3868SJTX 

2N3868SJTX 


1-49 

2N3868SJTXV 

2N3868SJTXV 


1-49 

2N3878 


2N5428 

1-170 

2N3879 


2N5430 

1-170 

2N3902 

2N3902 


1-116 

2N3996 


2N5347 

1-166 

2N3997 


2N5347 

1-166 

2N3998 


2N5347 

1-166 

2N3999 


2N5347 

1-166 

2N4000 


2N5347 

1-166 

2N4001 


2N5339 

1-158 

2N4002 


2N6274 

1-261 

2N4003 


2N6274 

1-261 

2N4070 


2N6306 

1-274 

2N4071 


2N6306 

1-274 

2N4111 


2N3715 

1-82 

2N4113 


2N3716 

1-82 

2N4115 


2N5347 

1-166 

2N4116 


2N5347 

1-166 

2N4231A 

2N4231A 


1-120 

2N4232A 

2N4232A 


1-120 

2N4233A 

2N4233A 


1-120 

2N4240 

2N4240 


1-76 

2N4296 


2N3738 

1-93 

2N4297 


2N3738 

1-93 

2N4298 


2N6235 

1-124 

2N4299 


2N6235 

1-124 

2N4300 


2N5337 

1-158 

2N4301 


2N5337 

1-158 

2N4305 


2N5337 

1-158 

2N4307 


2N5337 

1-158 

2N4309 


2N5339 

1-158 

2N4311 


2N5337 

1-158 

2N4314 


2N3868 

1-88 

2N4347 

2N4347 


1-71 

2N4348 


2N5630* 

1-174 

2N4387 


2N4898 

1-128 

2N4388 


2N4898 

1-128 

2N4398 

2N4398 


1-124 

2N4399 

2N4399 


1-124 

2N4399JAN 

2N4399JAN 


1-50 

2N4399JTX 

2N4399JTX 


1-50 

2N4399JTXV 

2N4399JTXV 


1-50 

2N4877 


2 N 5337 

1-158 

2N4898 

2N4898 


1-128 

2N4899 

2N4899 


1-128 

2N4900 

2N4900 


1-128 

2N4901 


2N6226* 

1-189 

2N4902 


2N6226* 

1-189 

2N4903 


2N6226* 

1-189 

2N4904 


2N6226* 

1-189 

2N4905 


2N6226* 

1-189 

2N4906 


2N6226* 

1-189 

2N4907 


2N3791 

1-112 

2N4908 


2N3791 

1-112 

2N4909 


2N3792 

1-112 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2N4910 


2N3054* 

1-58 

2N4911 


2N3054* 

1-58 

2N4912 

2N4912 


1-131 

2N4913 


2N5758* 

1-189 

2N4914 


2N5758* 

1-189 

2N4915 


2N5758* 

1-189 

2N4918 

2N4918 


1-134 

2N4919 

2N4919 


1-134 

2N4920 

2N4920 


1-134 

2N4921 

2N4921 


1-138 

2N4922 

2N4922 


1-138 

2N4923 

2N4923 


1-138 

2N4998 


2N5347 

1-166 

2N4999 


2N6187 

1-245 

2N5000 


2 N 5347 

1-166 

2N5001 


2N6187 

1-245 

2N5002 


2N5347 

1-166 

2N5003 


2N6187 

1-245 

2N5004 


2N5347 

1-166 

2N5005 


2N6187 

1-245 

2N5034 


2N3055 

1-62 

2N5035 


2N3055 

1-62 

2N5036 


2N3055 

1-62 

2N5037 


2N3055 

1-62 

2N5038 

2N5038 


1-142 

2N5038JAN 

2N5038JAN 


1-50 

2N5038JTX 

2N5038JTX 


1-50 

2N5038JTXV 

2N5038JTXV 


1-50 

2N5039 

2N5039 


1-142 

2N5039JAN 

2N5039JAN 


1-50 

2N5039JTX 

2N5039JTX 


1-50 

2N5039JTXV 

2N5039JTXV 


1-50 

2N5050 

2N5050 


1-144 

2N5051 

2N5051 


1-144 

2N5052 

2N5052 


1-144 

2N5067 


2N5758* 

1-189 

2N5068 


2N5758* 

1-189 

2 N 5069 


2N5758* 

1-189 

2N5083 


2N5347 

1-166 

2N5084 


2N5347 

1-166 

2N5085 


2N5347 

1-166 

2N5147 


2N6191 

1-248 

2N5148 


2N5337 

1-158 

2N5149 


2N6191 

1-248 

2N5150 


2N5337 

1-158 

2N5151 


2N6191 

1-248 

2N5152 


2N5337 

1-158 

2N5153 


2N6191 

1-248 

2N5154 


2N5337 

1-158 

2N5157 


2N6545 

1-315 

2N5190 

. 2N5190 


1-146 

2N5191 

2N5191 


1-146 

2N5192 

2N5192 


1-146 

2N5193 

2N5193 


1-150 

2N5194 

2N5194 


1-150 

2N5195 

2N5195 


1-150 

2N5202 


2N5428 

1-170 

2N5239 


2N6306 

1-274 

2N5240 


2N6544 

1-315 

2IM5241 


2N3902* 

1-116 


*Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2N5264 


2N6249 

1-257 

2N5492 


2N6292 

1-238 

2N5284 


2N5347 

1-166 

2 N 5493 


2N6292 

1-238 

2N5285 


2 N 5347 

1-166 

2N5494 


2N6290 

1-238 

2N5286 


2N6189 

1-245 

2N5495 


2N6290 

1-238 

2N5287 


2N6189 

1-245 

2N5496 


2N6292 

1-238 

2N5293 


2N6123 

1-241 

2N5497 


2N6292 

1-238 

2N5294 


2N6123 

1-241 

2N5508 


2N5428 

1-170 

2N5295 


2N6121 

1-241 

2N5539 


2N6379 

1-285 

2N5296 


2N6121 

1-241 

2N5559 


2N5633 

1-178 

2 N 5297 


2N6122 

1-241 

2N5575 


2N5685 

1-185 

2N5298 


2N6122 

1-241 

2N5578 


2N5685 

1-185 

2N5301 

2N5301 


1-154 

2N5598 


2N5428 

1-170 

2N5302 

2N5302 


1-154 

2N5600 


2N5428 

1-170 

2N5302JAN 

2N5302JAN 


1-50 

2N5602 


2N5428 

1-170 

2N5302JTX 

2N5302JTX 


1-50 

2 N 5604 


2N5430 

1-170 

2N5302JTXV 

2N5302JTXV 


1-50 

2N5606 


2N5428 

1-170 

2N5303 

2N5303 


1-154 

2N5610 


2N5428 

1-170 

2N5303JAN 

2N5303JAN 


1-50 

2N5612 


2N5430 

1-170 

2N5303JTX 

2N5303JTX 


1-50 

2N5614 


2N3448 

1-74 

2N5303JTXV 

2N5303JTXV 


1-50 

2N5616 


2N3448 

1-74 

2N5326 


2N5347 

1-166 

2N5618 


2N3448 

1-74 

2N5333 


2N6303 

1-88 

2IM5629 

2N5629 


1-174 

2 N 5334 


2N5337 

1-158 

2 N 5630 

2 N 5630 


1-174 

2N5335 


2N5337 

1-158 

2N5631 

2N5631 


1-174 

2 N 5336 

2N5336 


1-158 

2N5632 

2N5632 


1-178 

2N5337 

2N5337 


1-158 

2N5633 

2N5633 


1-178 

2N5338 

2N5338 


1-158 

2N5634 

2N5634 


1-178 

2N5339 

2N5339 


1-158 

2N5651 


2N6235 

1-254 

2N5344 

2 N 5344 


1-162 

2N5655 

2N5655 


1-182 

2N5345 

2 N 5345 


1-162 

2N5656 

2 N 5656 


1-182 

2N5346 

2N5346 


1-166 

2N5657 

2N5657 


1-182 

2M5347 

2 N 5347 


1-166 

2N5660 


2N6233 

1-254 

2 N 5348 

2 N 5348 


1-166 

2N5664 


2N6233 

1-254 

2N5349 

2N5349 


1-166 

2N5665 


2N6235 

1-254 

2N5384 


2N6187 

1-245 

2N5671 


2 N 6338 

1-282 

2N5385 


2N6187 

1-245 

2N5672 


2N6339 

1-282 

2N5386 


2N5038 

1-142 

2N5678 


2N6378 

1-285 

2N5387 


2 N 6546 

1-319 

2N5683 

2N5683 


1-185 

2N5388 


2N6546 

1-319 

2N5683JAN 

2N5683JAN 


1-50 

2N5389 


2N6546 

1-319 

2N5683JTX 

2N5683JTX 


1-50 

2N5404 


2N6191 

1-248 

2N5683JTXV 

2N5683JTXV 


1-50 

2N5405 


2N6192 

1-248 

2 N 5684 

2N5684 


1-185 

2N5406 


2N6191 

1-248 

2N5684JAN 

2N5684JAN 


1-50 

2N5407 


2N6193 

1-248 

2N5684JTX 

2N5684JTX 


1-50 

2N5408 


2N6187 

1-245 

2N5684JTXV 

2N5684JTXV 


1-50 

2N5409 


2N6189 

1-245 

2N5685 

2N5685 


1-185 

2N5410 


2N6187 

1-245 

2N5685JAN 

2N5685JAN 


1-50 

2N5411 


2N6189 

1-245 

2N5685JTX 

2N5685JTX 


1-50 

2N5427 

2N5427 


1-170 

2N5685JTXV 

2N5685JTXV 


1-50 

2N5428 

2N5428 


1-170 

2N5686 

2N5686 


1-185 

2N5429 

2N5429 


1-170 

2N5686JAN 

2N5686JAN 


1-50 

2N5430 

2N5430 


1-170 

2N5686JTX 

2N5686JTX 


1-50 

2 N 5466 


2N6545 

1-315 

2N5686JTXV 

2N5686JTXV 


1-50 

2N5467 


2N6545 

1-315 

2N5729 


2N5337 

1-158 

2N5477 


2N5347 

1-166 

2N5730 


2N5347 

1-158 

2N5478 


2N5347 

1-166 

2N5733 


2N6274 

1-261 

2N5479 


2N5349 

1-166 

2N5734 


2N6338 

1-282 

2N5480 


2 N 5349 

1-166 

2N5737 


2N5878 

1-196 

2N5490 


2N6290 

1-238 

2N5738 


2N6229 

1-178 

2N5491 


2N6290 

1-238 

2N5739 


2N5878 

1-196 


‘Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Page # 

2N5740 


2N6229 

1-178 

2N5741 


2N5883 

1-203 

2N5742 


2N6029 

1-174 

2N5743 


2N5883 

1-203 

2N5744 


MJ4502 

1-463 

2N5745 

2N5745 


1-124 

2N5745JAN 

2N5745JAN 


1-50 

2N5745JTX 

2N5745JTX 


1-50 

2N5745JTXV 

2N5745JTXV 


1-50 

2N5758 

2N5758 


1-189 

2N5759 

2N5759 


1-189 

2N5760 

2N5760 


1-189 

2N5804 


2N6306 

1-274 

2N5805 


2N6542 

1-309 

2N5838 

2N5838 


1-193 

2N5839 

2N5839 


1-193 

2N5840 

2N5840 


1-193 

2N5867 


2N3789* 

1-112 

2N5868 


2N3790* 

1-112 

2N5869 


2N3713* 

1-82 

2N5870 


2N3714* 

1-82 

2N5871 


2N3789* 

1-112 

2N5872 


2N3790* 

1-112 

2N5873 


2N3713* 

1-82 

2N5874 


2N3714* 

1-82 

2N5875 

2N5875 


1-196 

2N5876 

2N5876 


1-196 

2N5877 

2N5877 


1-196 

2N5878 

2N5878 


1-196 

2N5879 

2N5879 


1-199 

2N5880 

2N5880 


1-199 

2N5881 

2N5881 


1-199 

2N5882 

2N5882 


1-199 

2N5883 

2N5883 


1-203 

2N5884 

2N5884 


1-203 

2N5885 

2N5885 


1-203 

2N5886 

2N5886 


1-203 

2N5929 


2N6338 

1-282 

2N5930 


2N6338 

1-282 

2N5931 


2N6341 

1-282 

2N5932 


2N6338 

1-282 

2N5933 


2N6338 

1-282 

2N5935 


2N6341 

1-282 

2N5936 


2N6338 

1-282 

2N5937 


2N6341 

1-282 

2N5954 


2N6318 

1-278 

2N5955 


2N6317 

1-278 

2N5956 


2N6317 

1-278 

2N5970 


2N5882 

1-199 

2N5971 


2N5882 

1-199 

2N5972 


MJ15003 

1-720 

2N5974 

2N5974 


1-207 

2N5975 

2N5975 


1-207 

2N5976 

2N5976 


1-207 

2N5977 

2N5977 


1-210 

2N5978 

2N5978 


1-210 

2N5979 

2N5979 


1-210 

2N5980 


MJE2955* 

1-833 

2N5981 


MJE2955* 

1-833 

2N5982 


2N5988* 

1-213 
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Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2N5983 


MJE3055* 

1-833 

2N5984 


MJE3055* 

1-833 

2N5985 


2N5991 * 

1-213 

2N5986 

2N5986 


1-213 

2N5987 

2N5987 


1-213 

2N5988 

2N5988 


1-213 

2N5989 

2N5989 


1-213 


2N5990 


1-213 

2N5991 

2N5991 


1-213 



2N6126 

1-241 



2N6126 

1-241 



2N6124 

1-241 

2N6024 


2N6124 

1-241 



2N6125 

1-241 

2N6026 


2N6125 

1-241 

2N6029 

2IM6029 


1-174 


2N6030 


1-174 


2N6031 


1-174 

eh^b 


2N6275 

1-261 

Eii^B 


2N6277 

1-261 

2N6034 

2N6034 


1-217 

2N6035 

2N6035 


1-217 

2N6036 

2N6036 


1-217 

M In 

2N6037 


1-217 

K 

2N6038 


1-217 


2N6039 


1-217 


2N6040 


1-221 

W 

2N6041 


1-221 


2N6042 


1-221 


2N6043 


1-221 

2N6044 

2N6044 


1-221 

2N6045 

2N6045 


1-221 

2N6049 

2N6049 


1-225 

2N6050 

2N6050 


1-228 

2N6051 

2N6051 


1-228 

2N6051JAN 

2N6051JAN 


1-50 

2N6051JTX 

2N6051JTX 


1-50 

2N6051JTXV 

2N6051JTXV 


1-50 

2N6052 

2N6052 


1-228 

2N6052JAN 

2N6052JAN 


1-50 

2N6052JTX 

2N6052JTX 


1-50 

2N6052JTXV 

2N6052JTXV 


1-50 

2N6053 

2N6053 


1-232 

2N6054 

2N6054 


1-232 

2N6055 

2N6055 


1-232 

2N6056 

2N6056 


1-232 

2N6057 

2N6057 


1-228 

2N6058 

2N6058 


1-228 

2M6058JAN 

2N6058JAN 


1-50 

2N6058JTX 

2N6058JTX 


1-50 

2N6058JTXV 

2N6058JTXV 


1-50 

2N6059 

2N6059 


1-228 

2N6059JAN 

2N6059JAN 


1-50 

2N6059JTX 

2N6059JTX 


1-50 

2N6059JTXV 

2N6059JTXV 


1-50 

2 N 6077 

2N6077 


1-236 

2N6078 

2N6078 


1-236 

2N6079 


2N6235 

1-254 

wmmum 


2N6487 

1-301 

Hi 


2N6487 

1-301 


‘Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Motorola 
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Replacement 
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2N6100 


2N6487 

1-301 

2N6101 


2N6488 

1-301 

2N6102 


2N6488 

1-301 

2N6103 


2N6486 

1-301 

2N6106 


2N6107 

1-238 

2N6107 

2N6107 


1-238 

2N6108 


2N6109 

1-238 

2N6109 

2N6109 


1-238 

2N6110 


2N6111 

1-238 

2N6111 

2N6111 


1-238 

2N6121 

2N6121 


1-241 

2N6122 

2N6122 


1-241 

2N6123 

2N6123 


1-241 

2N6124 

2N6124 


1-241 

2N6125 

2N6125 


1-241 

2N6126 

2N6126 


1-241 

2N6127 


2N6436 

1-297 

2N6128 


2N6338 

1-282 

2N6129 

2N6129 


1-47 

2N6130 

2N6130 


1-47 

2N6131 

2N6131 


1-47 

2N6132 

2N6132 


1-47 

2N6133 

2N6133 


1-47 

2N6134 

2N6134 


1-47 

2N6175 


MPSU10 

1-933 

2N6176 


MPSU10 

1-933 

2N6177 


2N6559 

1-333 

2N6178 


MPSU06 

1-929 

2N6179 


MPSU05 

1-929 

2N6180 


MPSU56 

1-946 

2N6181 


MPSU55 

1-946 

2N6186 

2N6186 


1-245 

2N6187 

2N6187 


1-245 

2N6188 

2N6188 


1-245 

2N6189 

2N6189 


1-245 

2N6190 

2N6190 


1-248 

2N6191 

2N6191 


1-248 

2N6192 

2N6192 


1-248 

2N6193 

2N6193 


1-248 

2N6211 

2N6211 


1-251 

2N6212 

2N6212 


1-251 

2N6213 

2N6213 


1-251 

2N6226 

2N6226 


1-189 

2N6227 

2N6227 


1-189 

2N6228 

2N6228 


1-189 

2N6229 

2N6229 


1-178 

2N6230 

2N6230 


1-178 

2N6231 

2N6231 


1-178 

2N6233 

2N6233 


1-254 

2N6234 

2N6234 


1-254 

2N6235 

2N6235 


1-254 

2N6242 


MJ13015 

1-671 

2N6243 


MJ13334 

1-707 

2N6244 


MJ13333 

1-707 

2N6245 


MJ13334 

1-707 

2N6246 


2N5879 

1-199 

2N6247 


2N5880 

1-199 

2N6248 


MJ15016 

1-65 

2N6249 

2 N 6249 


1-257 

2N6250 

2N6250 


1-257 


‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 
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2N6251 

2N6251 


1-257 

2N6253 


2N5877 

1-196 

2N6254 


2N5878 

1-196 

2N6257 

2N6257 


1-104 

2N6258 


2 N 5686 

1-185 

2N6259 


2N5631 

1-174 



2N4231A 

1-120 

2N6261 


2N4233A 

1-120 

2N6262 


2N5760 

1-189 

2N6263 


2N5050 

1-144 

2N6264 


2N5051 

1-144 



2N6338 

1-282 

2N6271 


2 N 6338 

1-282 

2N6272 


2N6338 

1-282 

2N6273 


2N6338 

1-282 

2N6274 

2N6274 


1-261 

2N6274JAN 

2N6274JAN 


1-50 

2N6274JTX 

2N6274JTX 


1-50 

2N6274JTXV 

2N6274JTXV 


1-50 

2N6275 

2N6275 


1-261 

2N6276 

2N6276 


1-261 

2N6277 

2N6277 


1-261 

2N6277JAN 

2N6277JAN 


1-50 

2N6277JTX 

2N6277JTX 


1-50 

2N6277JTXV 

2N6277JTXV 


1-50 

2N6278 


2N6274 

1-261 

2N6279 


2N6275 

1-261 



2N6276 

1-261 

2N6281 


2N6277 

1-261 

2N6282 

2N6282 


1-265 

2N6283 

2N6283 


1-265 

2N6283JAN 

2N6283JAN 


1-50 

2N6283JTX 

2N6283JTX 


1-50 

2N6283JTXV 

2N6283JTXV 


1-50 

2N6284 

2N6284 


1-265 

2N6284JAN 

2N6284JAN 


1-50 

2N6284JTX 

2N6284JTX 


1-50 

2N6284JTXV 

2N6284JTXV 


1-50 

2N6285 

2N6285 


1-265 

2N6286 

2N6286 


1-265 

2N6286JAN 

2N6286JAN 


1-50 

2N6286JTX 

2N6286JTX 


1-50 

2N6286JTXV 

2N6286JTXV 


1-50 

2N6287 

2N6287 


1-265 

2N6287JAN 

2N6287JAN 


1-50 

2N6287JTX 

2N6287JTX 


1-50 

2N6287JTXV 

2N6287JTXV 


1-50 

2N6288 

2N6288 


1-238 

2N6289 


2N6288 

1-238 

2N6290 

2 N 6290 


1-238 

2N6291 


2N6290 

1-238 

2N6292 

2N6292 


1-238 



2N6292 

1-238 

2N6294 

2N6294 


1-270 

2N6295 

2N6295 


1-270 

2N6296 

2N6296 


1-270 

2N6297 

2 N 6297 


1-270 

2N6298 

2N6298 


1-232 

2N6298JAN 

2N6298JAN 


1-49 

2N6298JTX 

2N6298JTX 


1-49 


1-6 
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2N6298JTXV 

2N6298JTXV 


1-49 

2N6299 

2N6299 


1-232 

2N6299JAN 

2N6299JAN 


1-49 

2N6299JTX 

2N6299JTX 


1-49 

2N6299JTXV 

2N6299JTXV 


1-49 

2N6300 

2N6300 


1-232 

2N6300JAN 

2N6300JAN 


1-49 

2N6300JTX 

2N6300JTX 


1-49 

2N6300JTXV 

2N6300JTXV 


1-49 

2N6301 

2N6301 


1-232 

2N6301JAN 

2N6301JAN 


1-49 

2N6301JTX 

2N6301JTX 


1-49 

2N6301JTXV 

2N6301JTXV 


1-49 

2N6302 


2N5630 

1-174 

2N6303 

2N6303 


1-88 

2N6306 

2N6306 


1-274 

2N6306JAN 

2N6306JAN 


1-49 

2N6306JTX 

2N6306JTX 


1-49 

2N6307 

2N6307 


1-274 

2N6308 

2N6308 


1-274 

2N6308JAN 

2N6308JAN 


1-49 

2N6308JTX 

2N6308JTX 


1-49 

2N6312 

2N6312 


1-120 

2N6313 

2N6313 


1-120 

2N6314 

2N6314 


1-120 

2N6315 

2N6315 


1-278 

2N6316 

2N6316 


1-278 

2N6317 

2N6317 


1-278 

2N6318 

2N6318 


1-278 

2N6322 


MJ10015 

1-537 

2N6323 


MJ10015 

1-537 

2N6324 


MJ10015 

1-537 

2N6325 


MJ10015 

1-537 

2N6326 

2N6326 


1-31 

2N6327 

2N6327 


1-31 

2N6328 

2N6328 


1-31 

2N6329 

2N6329 


1-31 

2N6330 

2N6330 


1-31 

2N6331 

2N6331 


1-31 

2N6338 

2N6338 


1-282 

2N6338JAN 

2N6338JAN 


1-50 

2N6338JTX 

2N6338JTX 


1-50 

2N6338JTXV 

2N6338JTXV 


1-50 

2N6339 

2N6339 


1-282 

2N6340 

2N6340 


1-282 

2N6341 

2N6341 


1-282 

2N6341JAN 

2N6341JAN 


1-50 

2N6341JTX 

2N6341JTX 


1-50 

2N6341JTXV 

2N6341JTXV 


1-50 

2N6354 


2N6339 

1-282 

2N6355 


2N6057 

1-228 

2N6356 


2N6057 

1-228 

2N6357 


2N6058 

1-228 

2N6358 


2N6058 

1-228 

2N6359 


2N5885 

1-203 

2N6371 


2N6569 

1-336 

2N6372 


2N6316 

1-278 

2N6373 


2N6315 

1-278 

2N6374 


2N6315 

1-278 

2N6377 

2N6377 


1-285 


*Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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2N6378 

2N6378 


1-285 

2N6378JAN 

2N6378JAN 


1-50 

2N6378JTX 

2N6378JTX 


1-50 

2N6378JTXV 

2N6378JTXV 


1-50 

2N6379 

2N6379 


1-285 

2N6379JAN 

2N6379JAN 


1-50 

2N6379JTX 

2N6379JTX 


1-50 

2N6379JTXV 

2N6379JTXV 


1-50 

2N6380 


2N6377 

1-285 

2N6381 


2N6378 

1-285 

2N6382 


2N6379 

1-285 

2N6383 

2N6383 


1-289 

2N6383JAN 

2N6383JAN 


1-49 

2N6383JTX 

2N6383JTX 


1-49 

2N6383JTXV 

2N6383JTXV 


1-49 

2 N 6384 

2N6384 


1-289 

2N6384JAN 

2N6384JAN 


1-49 

2N6384JTX 

2N6384JTX 


1-49 

2N6384JTXV 

2N6384JTXV 


1-49 

2N6385 

2N6385 


1-289 

2N6385JAN 

2N6385JAN 


1-49 

2N6385JTX 

2N6385JTX 


1-49 

2N6385JTXV 

2N6385JTXV 


1-49 

2N6386 

2N6386 


1-293 

2N6387 

2N6387 


1-293 

2N6388 

2N6388 


1-293 

2N6406 


MJE171 

1-797 

2N6407 


MJE172 

1-797 

2N6408 


MJE181* 

1-797 

2N6409 


MJE182* 

1-797 

2N6410 


MJE200* 

1-801 

2N6411 


MJE210 

1-801 

2N6412 


MJE180 

1-797 

2N6413 


MJE181 

1-797 

2N6414 


MJE170 

1-797 

2N6415 


MJE171 

1-797 

2N6416 


MJE243 

1-807 

2N6417 


MJE243 

1-807 

2N6418 


MJE253 

1-807 

2N6419 


MJE253 

1-807 

2N6420 

2N6420 


1-76 

2N6421 

2N6421 


1-76 

2N6422 

2 N 6422 


1-76 

2N6423 

2N6423 


1-76 

2N6424 

2N6424 


1-93 

2N6425 

2N6425 


1-93 

2N6436 

2 N 6436 


1-297 

2N6437 

2N6437 


1-297 

2N6437JAN 

2N6437JAN 


1-50 

2N6437JTX 

2N6437JTX 


1-50 

2N6437JTXV 

2N6437JTXV 


1-50 

2N6438 

2N6438 


1-297 

2N6438JAN 

2N6438JAN 


1-50 

2N6438JTX 

2N6438JTX 


1-50 

2N6438JTXV 

2N6438JTXV 


1-50 

2N6465 


MJ3247 

1-457 

2N6466 


MJ3247 

1-457 

2N6467 


MJ3237 

1-457 

2N6468 


MJ3237 

1-457 

2N6469 


2N5879 

1-199 
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2N6470 


2N5881 

1-199 

2N6576 

2N6576 


1-340' 

2N6471 


2N5881 

1-199 

2 N 6577 

2N6577 


1-340 

2N6472 


2N5882 

1-199 

2N6578 

2N6578 


1-340 

2N6473 


FT317 

1-46 

2N6579 


MJ13080 

1-683 

2N6474 


FT317A 

1-46 

2N6580 


MJ13080 

1-683 

2N6475 


FT417 

1-46 

2N6581 


MJ16004 

1-735 

2N6476 


FT417A 

1-46 

2N6582 


MJ13080 

1-683 

2N6477 


FT317A 

1-46 

2N6583 


MJ13080 

1-683 

2N6478 


FT317B 

1-46 

2N6584 


MJ16008 

1-750 

2N6486 

2N6486 


1-301 

2N6591 

2N6591 


1-343 

2N6487 

2 N 6487 


1-301 

2N6592 

2N6592 


1-343 

2N6488 

2 N 6488 


1-301 

2N6593 

2N6593 


1-343 

2N6489 

2N6489 


1-301 

2N6594 

2N6594 


1-347 

2N6490 

2N6490 


1-301 

2N6609 

2 N 6609 


1-108 

2N6491 

2N6491 


1-301 

2N6648 

2N6648 


1-289 

2N6492 


2N6055 

1-232 

2N6648JAN 

2N6648JAN 


1-49 

2N6493 


2N6056 

1-232 

2N6648JTX 

2N6648JTX 


1-49 

2N6494 


2N6056 

1-232 

2N6648JTXV 

2N6648JTXV 


1-49 

2N6495 


2N6316 

1-278 

2N6649 

2N6649 


1-289 

2N6496 


2N6339 

1-282 

2N6649JAN 

2N6649JAN 


1-49 

2N6497 

2 N 6497 


1-305 

2N6649JTX 

2N6649JTX 


1-49 

2N6498 

2N6498 


1-305 

2N6649JTXV 

2N6649JTXV 


1-49 

2N6499 

2N6499 


1-305 

2N6650 

2N6650 


1-289 

2N6500 


2N5430 

1-170 

2N6650JAN 

2N6650JAN 


1-49 

2N6510 


2N6306 

1-274 

2N6650JTX 

2N6650JTX 


1-49 

2N6511 


2N6306 

1-274 

2N6650JTXV 

2N6650JTXV 


1-49 

2N6512 


2N6544 

1-315 

2N6653 


MJ13332 

1-707 

2N6513 


2N6545 

1-315 

2N6654 


MJ13332 

1-707 

2N6514 


2N6544 

1-315 

2N6655 


MJ13333 

1-707 

2N6530 


TIP101 

1-975 

2N6666 

2N6666 


1-351 

2N6531 


TIP102 

1-975 

2N6667 

2N6667 


1-351 

2N6532 


TIP102 

1-975 

2N6668 

2N6668 


1-351 

2N6534 


2N6301 

1-232 

2N6669 


MJ El 5028 

1-909 

2 N 6535 


TIP102 

1-975 

2N6671 


2N6544 

1-315 

2N6536 


TIP102 

1-975 

2N6672 


MJ13080 

1-683 

2 N 6542 

2N6542 


1-309 

2N6673 


MJ13080 

1-683 

2N6543 

2N6543 


1-309 

2N6674 


MJ13090 

1-689 

2N6544 

2 N 6544 


1-315 

2N6675 


MJ13090 

1-689 

2N6545 

2N6545 


1-315 

2N6676 

2N6676 


1-355 

2N6546 

2N6546 


1-319 

2N6677 

2N6677 


1-355 

2N6546JAN 

2N6546JAN 


1-50 

2N6678 

2N6678 


1-355 

2N6546JTX 

2N6546JTX 


1-50 

2N6833 

2N6833 


1-359 

2N6547 

2N6547 


1-319 

2N6834 

2N6834 


1-359 

2N6547JAN 

2N6547JAN 


1-50 

2N6835 

2N6835 


1-367 

2N6547JTX 

2N6547JTX 


1-50 

2N6836 

2N6836 


1-374 

2N6548 

2N6548 


1-323 

2N6837 

2N6837 


1-381 

2N6549 

2 N 6549 


1-323 

2SA483 


2N6420 

1-76 

2N6551 

2N6551 


1-326 

2SA489 


2N6126 

1-241 

2N6552 

2N6552 


1-326 

2SA490 


2N6125 

1-241 

2 N 6553 

2N6553 


1-326 

2SA496 


2N4918 

1-134 

2N6554 

2 N 6554 


1-330 

2SA505 


2N4919 

1-134 

2N6555 

2N6555 


1-330 

2SA566 


2N6420 

1-76 

2N6556 

2N6556 


1-330 

2SA613 


2N4899 

1-128 

2 N 6557 

2N6557 


1-333 

2SA614 


2N4900 

1-128 

2 N 6558 

2N6558 


1-333 

2SA616 


2N3741 

1-97 

2N6559 

2N6559 


1-333 

2SA623 


D41E1 

1-411 

2 N 6569 

2 N 6569 


1-336 

2SA624 


D41E5 

1-411 

2N6573 


2N6546 

1-319 

2SA626 


2N6226 

1-189 

2N6574 


2N6546 

1-319 

2SA627 


2N6226 

1-189 

2N6575 


2N6547 

1-319 

2SA633 


D41E1 

1-411 


‘Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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2SA634 


D41E5 

1-411 

2SA635 


D41D7 

1-407 

2SA636 


2N6556 

1-330 

2SA645 


D41D10 

1-407 

2SA646 


2N6556 

1-330 

2SA647 


2N6556 

1-330 

2SA648 


2N6230 

1-178 

2SA652 


2N6420 

1-76 

2SA653 


2N6420 

1-76 

2SA656 


2N6228 

1-189 

2SA657 


2N6226 

1-189 

2SA658 


2N6226 

1-189 

2SA663 


2N6226 

1-189 

2SA670 


2N6125 

1-241 

2SA671 


2N6125 

1-241 

2SA679 


MJ15016 

1-65 

2SA680 


2N5880 

1-199 

2SA681 


MJE253 

1-807 

2SA682 


MJE253 

1-807 

2SA698 


MDS60 

1-439 

2SA699 


D41E5 

1-411 

2SA700 


TIP30 

1-955 

2SA703 


D41E1 

1-411 

2SA706 


MPSU55 

1-946 

2SA714 


2N6228 

1-189 

2SA715 


MJE170 

1-797 

2SA738 


MJE170 

1-797 

2SA739 


MJ6502 

1-467 

2SA755 


2N6125 

1-241 

2SA756 


2N6226 

1-189 

2SA757 


2N6227 

1-189 

2SA758 


2N6228 

1-189 

2SA762 


2N6211 

1-251 

2SA764 


2N6317 

1-278 

2SA765 


2N6318 

1-278 

2SA766 


2N6420 

1-76 

2SA768 


2N6125 

1-241 

2SA769 


2N6126 

1-241 

2SA770 


2N6109 

1-238 

2SA771 


2N6107 

1-238 

2SA775 


TIP30C 

1-955 

2SA779 


2N4918 

1-134 

2SA780 


2N4919 

1-134 

2SA794 


MJE253 

1-807 

2SA795 


MJE253 

1-807 

2SA807 


2N3789 

1-112 

2SA808 


2N3790 

1-112 

2SA814 


TIP30C 

1-955 

2SA815 


TIP30C 

1-955 

2SA816 


TIP30B 

1-955 

2SA818 


MPSU60 

1-950 

2SA835 


MPSU60 

1-950 

2SA837 


2N6226 

1-189 

2SA839 


TIP32C 

1-957 

2SA843 


MJE15031 

1-909 

2SA861 


MPSU51 

1-942 

2SA877 


2N5876 

1-196 

2SA878 


2N6230 

1-178 

2SA882 


2N6231 

1-178 

2SA887 


D41E7 

1-411 
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Page # 

2SA897 


MPSU55 

1-946 

2SA898 


MJE350 

1-815 

2SA899 


MJE350 

1-815 

2SA900 


MJE210 

1-801 

2SA907 


MJ15016 

1-65 

2SA908 


MJ15002 

1-717 

2SA909 


MJ15023 

1-728 

2SA922 


2N4918 

1-134 

2SA939 


MJE350 

1-815 

2SA940 


MJE15031 

1-909 

2SA949 


MJE15031 

1-909 

2SA957 


MJE15031 

1-909 

2SA958 


MJE15031 

1-909 

2SA962 


MPSU55 

1-946 

2SA963 


MJE171 

1-797 

2SA965 


MJ El 5029 

1-909 

2SA966 


TIP32 

1-957 

2SA968 


MJE15031 

1-909 

2SA969 


MJ3238 

1-457 

2SA971 


2N6609 

1-108 

2SA980 


2N6229 

1-178 

2SA981 


2N6230 

1-178 

2SA982 


2N6231 

1-178 

2SA1001 


2N6438 

1-297 

2SA1002 


2N6438 

1-297 

2SA1003 


2N6438 

1-297 

2SA1007 


2N6231 

1-178 

2SA1008 


TIP32C 

1-957 

2SA1010 


TIP42C 

1-967 

2SA1011 


MJE15031 

1-909 

2SA1012 


TIP42A 

1-967 

2SA1020 


TIP32 

1-957 

2SA1040 


2N6438 

1-297 

2SA1041 


2N6438 

1-297 

2SA1042 


2N6436 

1-297 

2SA1043 


2N6438 

1-297 

2SA1044 


2N6436 

1-297 

2SA1045 


2N6052 

1-228 

2SA1046 


2N6052 

1-228 

2SA1063 


2N6228 

1-189 

2SA1064 


2N6231 

1-178 

2SA1065 


2N6231 

1-178 

2SA1067 


2N6230 

1-178 

2SA1068 


2N6231 

1-178 

2SA1069 


TIP42B 

1-967 

2SA1110 


MJE350 

1-815 

2SA1111 


MJE15031 

1-909 

2SA1112 


MJE15031 

1-909 

2SB502 


2N3741 

1-97 

2SB503 


2N3741 

1-97 

2SB506 


2N6228 

1-189 

2SB507 


2N6125 

1-241 

2SB509 


2N6126 

2-241 

2SB511 


TIP32 

1-957 

2SB513 


2N6126 

1-241 

2SB514 


TIP32A 

1-957 

2SB515 


TIP32A 

1-957 

2SB518 


2N6226 

1-189 

2SB519 


2N6227 

1-189 

2SB520 


2N6228 

1-189 


*Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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2SB521 


TIP42A 

1-967 

2SB522 


TIP42A 

1-967 

2SB523 


2N5193 

1-150 

2SB524 


2N5194 

1-150 

2SB526 


2N4920 

1-134 

2SB527 


2N4920 

1-134 

2SB528 


2N4920 

1-134 

2SB529 


2N5193 

1-150 

2SB530 


2N6230 

1-178 

2SB531 


2N6226 

1-189 

2SB532 


2N6226 

1-189 

2SB536 


2N6126 

1-241 

2SB537 


2N6126 

1-241 

2SB539 


2N6231 

1-178 

2SB541 


2N6230 

1-178 

2SB546 


MJE15031 

1-909 

2SB547 


MJE15031 

1-909 

2SB548 


2N4920 

1-134 

2SB549 


2N4920 

1-134 

2SB552 


MJ 15023 

1-728 

2SB554 


MJ15023 

1-728 

2SB555 


MJ15012 

1-723 

2SB556 


MJ15012 

1-723 

2SB557 


2N6230 

1-178 

2SB558 


2N6229 

1-178 

2SB559 


2N4918 

1-134 

2SB565 


2N6125 

1-241 

2SB566 


2N6126 

1-241 

2SB567 


MJE15031 

1-909 

2SB568 


MJE15031 

1-909 

2SB569 


MJE3310 

1-835 

2SB570 


MJE3311 

1-835 

2SB571 


MJE3312 

1-835 

2SB572 


2N5193 

1-150 

2SB573 


2N5194 

1-150 

2SB574 


2IM5195 

1-150 

2SB575 


2N5193 

1-150 

2SB576 


2N5194 

1-150 

2SB577 


2N5195 

1-150 

2SB578 


MJE2955 

1-833 

2SB579 


2N5975 

1-207 

2SB580 


2N5976 

1-207 

2SB581 


£N5976 

1-207 

2SB582 


: JVI JE6040 

1-221 

2SB583 


MJE6041 

1-221 

2SB584 


MJE6042 

1-221 

2SB585 


2N6053 

1-232 

2SB586 


2N6054 

1-232 

2SB587 


2N6050 

1-228 

2SB588 


2N6051 

1-228 

2SB589 


2N6052 

1-228 

2SB595 


TIP42C 

1-967 

2SB596 


2N6126 

1-241 

2SB600 


MJ15012 

1-723 

2SB604 


2N6126 

1-241 

2SB628 


MJE15031 

1-909 

2SB630 


MJE15031 

1-909 

2SB631 


2N4920 

1-134 

2SB632 


2N4918 

1-134 

2SB633 


TIP42C 

1-967 


‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 
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2SB648 


MJE350 

1-815 

2SB649 


MJE350 

1-815 

2SB653 


2N6227 

1-189 

2SB654 


2N6227 

1-189 

2SB655 


MJ15002 

1-717 

2SB656 


MJ15002 

1-717 

2SB668 


TIP32A 

1-957 

2SB669 


TIP32B 

1-957 

2SB673 


2N6042 

1-221 

2SB674 


2N6041 

1-221 

2SB675 


2N6040 

1-221 

2SB676 


TIP127 

1-982 

2SB677 


TIP125 

1-982 

2SB679 


TIPI 17 

1-979 

2SB681 


MJ15002 

1-717 

2SB689 


TIP42C 

1-967 

2SB690 


TIP42C 

1-967 

2SB691 


MJE4352 

1-839 

2SB692 


MJE4352 

1-839 

2SB693 


2N6287 

1-265 

2SB694 


MJ11015 

1-636 

2SB695 


MJE4352 

1-839 

2SB696 


2N6231 

1-178 

2SB697 


MJ15002 

1-717 

2SB707 


2N6107 

1-238 

2SB708 


2N6107 

1-238 

2SB711 


2IM6041 

1-221 

2SB712 


2 N 6042 

1-221 

2SB713 


MJE4352 

1-839 

2SB717 


MJE350 

1-815 

2SB718 


MJE350 

1-815 

2SB719 


MJE15031 

1-909 

2SB720 


MJE15031 

1-909 

2SB722 


MJ15002 

1-717 

2SB723 


MJ15023 

1-728 

2SB724 


TIP32A 

1-957 

2SB727 


MJ El 5029 

1-909 

2SB743 


MJE170 

1-797 

2SB744 


MJE172 

1-797 

2SB750 


TIP1 15 

1-979 

2SB751 


MJE703T 

1-823 

2SB753 


TIP42C 

1-967 

2SB754 


2N6109 

1-238 

2SB772 


MJE170 

1-797 

2SC41 


MJ410 

1-443 

2SC42 


MJ410 

1-443 

2SC42A 


MJ410 

1-443 

2SC43 


2N4347 

1-71 

2SC44 


2N4347 

1-71 

2SC101 


2N5050 

1-144 

2SC161 


2N3447 

1-74 

2SC240 


2N4347 

1-71 

2SC241 


2N3447 

1-74 

2SC242 


2N4347 

1-71 

2SC243 


MJ410 

1-443 

2SC244 


2N3447 

1-74 

2SC245 


2N4347 

1-71 

2SC246 


MJ410 

1-443 

2SC270 


MJ411 

1-443 

2SC407 


MJ15011 

1-723 
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2SC408 


MJ15011 

1-723 



2N6249 

1-257 

2SC410 


2N6249 

1-257 

2SC411 


2N6546 

1-319 

2SC412 


2N6546 

1-319 

2SC431 


2N6341 

1-282 

2SC432 


2N6341 

1-282 

2SC433 


MJ15022 

1-725 

2SC434 


MJ15022 

1-725 

2SC435 


MJ10000 

1-495 

2SC436 


MJ 10000 

1-495 

2SC483 


2N3583 

1-76 

2SC487 


2N3583 

1-76 

2SC488 


2N6233 

1-254 

2SC489 


2N3441 

1-69 

2SC490 


2N3766 

1-100 

2SC491 


2N5050 

1-144 

2SC492 


2N4347 

1-71 

2SC493 


2N4347 

1-71 

2SC494 


2N3447 

1-71 

2SC495 


2N4923 

1-138 

2SC496 


2N4921 

1-138 

2SC508 


2N6233 

1-254 

2SC515 


2N3739 

1-93 

2SC518 


2N3448 

1-74 

2SC518A 


2N3448 

1-74 

2SC519 


2N5759 

1-189 

2SC519A 


2N5760 

1-189 

2SC520 


2N3448 

1-74 

2SC520A 


2N3448 

1-74 

2SC521 


2N3447 

1-74 

2SC521A 


2N3448 

1-74 

2SC558 


MJ3029 

1-453 

2SC582 


2N3739 

1-93 

2SC586 


MJ410 

1-443 

2SC642 


BU204 

1-388 

2SC643 


BU204 

1-388 

2SC646 


2N3447 

1-74 

2SC647 


2N3448 

1-74 

2SC664 


2N5758 

1-189 

2SC665 


2N5760 

1-189 

2SC675 


2N6306 

1-274 

2SC676 


2N6306 

1-274 

2SC677 


2N6306 

1-274 

2SC678 


2N6306 

1-274 

2SC679 


2N3585 

1-76 

2SC680 


2N5052 

1-144 

2SC681 


MJ15011 

1-723 

2SC685 


2N3739 

1-93 

2SC687 


MJ410 

1-443 

2SC736 


2N4347 

1-71 

2SC758 


2N6307 

1-274 

2SC759 


2N6306 

1-274 

2SC760 


2N6306 

1-274 

2SC768 


2N3055 

1-62 

2SC769 


2 N 5633 

1-178 

2SC770 


MJ15011 

1-723 

2SC771 


MJ15011 

1-723 

2SC779 


2N3739 

1-93 

2SC782 


2N3739 

1-93 
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2SC783 


2N3738 

1-93 

2SC789 


2N6123 

1-241 

2SC790 


TIP31A 

1-957 

2SC791 


2N5050 

1-144 

2SC792 


2N5840 

1-193 

2SC793 


2N5758 

1-189 

2SC794 


2N5758 

1-189 

2SC795 


2N3739 

1-93 

2SC806 


MJ431 

1-445 

2SC807 


MJ413 

1-445 

2SC808 


MJ411 

1-443 

2SC825 


2N3585 

1-76 

2SC833 


2N6235 

1-254 

2SC840 


2N5050 

1-144 

2SC840A 


2N5051 

1-144 

2SC861 


MJ3029 

1-453 

2SC862 


MJ3030 

1-453 

2SC867 


2N3739 

1-93 

2SC884 


2N5050 

1-144 

2SC885 


2N6307 

1-274 

2SC886 


2N6306 

1-274 

2SC887 


MJ410 

1-443 

2SC888 


MJ410 

1-443 

2SC889 


MJ410 

1-443 

2SC895 


2N3441 

1-69 

2SC897 


2N5760 

1-189 

2SC898 


2N5760 

1-189 

2SC901 


2N6306 

1-274 

2SC901A 


2N6306 

1-274 

2SC902 


2N5634 

1-178 

2SC931 


MJE205 

1-805 

2SC932 


2N5977 

1-210 

■ 


2N5840 

1-193 

B \ jfi g | 


BU204 

1-388 



BU204 

1-388 



MJ15001 

1-717 

2SC940 


2N6249 

1-257 

2SC961 


2N5759 

1-189 



2N5758 

1-189 



2 N 5430 

1-170 

2SC999 


BU205 

1-388 

2SC1004 


BU204 

1-388 

2SC1004A 


BU205 

1-388 

2SC1005 


BU207 

1-393 

2SC1013 


MDS26 

1-437 

2SC1014 


MDS27 

1-437 

2SC1025 


2N6233 

1-254 

2SC1030 


2N5760 

1-189 

2SC1031 


2N3585 

1-76 

2SC1034 


BU204 

1-388 

2SC1046 


BU207 

1-393 

2SC1050 


MJ411 

1-443 

2SC1051 


2N5760 

1-189 

2SC1055 


2N5430 

1-170 

2SC1059 


2N3739 

1-93 

2SC1060 


TIP31A 

1-957 

2SC1061 


TIP31A 

1-957 

2SC1078 


BU204 

1-388 

2SC1079 


MJ15001 

1-717 

2SC1080 


MJ15001 

1-717 


‘Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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2SC1086 


BU207 

1-393 

2SC1088 


MJE3439 

1-837 

2SC1089 


MJE3439 

1-837 

2SC1096 


MDS26 

1-437 

2SC1098 


2N6552 

1-326 

2SC1099 


BU207 

1-393 

2SC1100 


BU207 

1-393 

2SC1101 


BU204 

1-388 

2SC1102 


2N3739 

1-93 

2SC1104 


2N3585 

1-76 

2SC1105 


2N3739 

1-93 

2SC1106 


2N5840 

1-193 

2SC1107 


2N6123 

1-241 

2SC1108 


2N6123 

1-241 

2SC1109 


2N6123 

1-241 

2SC1110 


2N6123 

1-241 

2SC1111 


2N5634 

1-178 

2SC1112 


2N5634 

1-178 

2SC1113 


MJ3247 

1-457 

2SC1114 


2N6542 

1-309 

2SC1115 


2N5634 

1-178 

2SC1116 


MJ15011 

1-723 

2SC1124 


MPSU04 

1-925 

2SC1125 


MPSU10 

1-933 

2SC1130 


2N6543 

1-309 

2SC1131 


2N6542 

1-309 

2SC1132 


BU207 

1-393 

2SC1140 


2N6547 

1-319 

2SC1141 


2N6546 

1-319 

2SC1142 


MJ13015 

1-671 

2SC1143 


MJ13014 

1-671 

2SC1151 


BU204 

1-388 

2SC1152 


2N5840 

1-193 

2SC1153 


BU204 

1-388 

2SC1154 


MJ12003 

1-649 

2SC1155 


D40D13 

1-407 

2SC1156 


2 N 6543 

1-309 

2SC1157 


2N6553 

1-326 

2SC1160 


2N3738 

1-93 

2SC1161 


2N3738 

1-93 

2SC1162 


MJE180 

1-797 

2SC1167 


BU204 

1-388 

2SC1168 


2N3739 

1-93 

2SC1170 


BU207 

1-393 

2SC1170A 


BU208 

1-393 

2SC1171 


BU204 

1-388 

2SC1172 


BU208 

1-393 

2SC1173 


TIP31 

1-957 

2SC1174 


MJ 12003 

1-649 

2SC1184 


BU204 

1-388 

2SC1185 


2N5840 

1-193 

2SC1195 


2N5838 

1-193 

2SC1224 


2N6591 

1-343 

2SC1226 


2N6548 

1-323 

2SC1227 


MJ 10006 

1-513 

2SC1228 


MJ13091 

1-689 

2SC1229 


MJ10006 

1-513 

2SC1237 


TIP31B 

1-957 

2SC1243 


D40K3 

1-415 

2SC1292 


2N5840 

1-193 


*Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2SC1295 


BU204 

1-388 

2SC1304 


2N3739 

1-93 

2SC1309 


BU207 

1-393 

2SC1316 


MJ13005 

1-881 

2SC1322 


2N6250 

1-257 

2SC1325 


MJ12005 

1-657 

2SC1343 


MJ15011 

1-723 

2SC1348 


BU207 

1-393 

2SC1358 


BU208 

1-393 

2SC1367 


BU204 

1-388 

2SC1381 


MJE182 

1-797 

2SC1382 


MJE182 

1-797 

2SC1391 


2N3739 

1-93 

2SC1402 


2 N 5634 

1-178 

2SC1403 


2N5634 

1-178 

2SC1409 


TIP47 

1-971 

2SC1410 


TIP47 

1-971 

2SC1413 


BU207 

1-393 

2SC1418 


TIP31 

1-957 

2SC1419 


TIP31 

1-957 

2SC1429 


MPSU01 

1-921 

2SC1431 


2N5050 

1-144 

2SC1433 


MJ411 

1-443 

2SC1434 


2N6546 

1-319 

2SC1436 


2N6249 

1-257 

2SC1440 


MJ15001 

1-717 

2SC1441 


2N6249 

1-257 

• 2SC1444 


2N5428 

1-170 

2SC1445 


2N5430 

1-170 

2SC1447 


TIP47 

1-971 

2SC1448 


TIP47 

1-971 

2SC1449 


MJE180 

1-797 

2SC1450 


2N3583 

1-76 

2SC1454 


MJ411 

1-443 

2SC1456 


2N3739 

1-93 

2SC1463 


2N6543 

1-309 

2SC1466 


2N3585 

1-76 

2SC1467 


MJ13005 

1-881 

2SC1468 


MJ13091 

1-689 

2SC1469 


MJ13091 

1-689 

2SC1477 


MJ10006 

1-513 

2SC1501 


MJE3439 

1-837 

2SC1504 


MJ13005 

1-881 

2SC1505 


TIP48 

1-971 

2SC1506 


TIP48 

1-971 

2SC1507 


TIP48 

1-971 

2SC1514 


MJE3439 

1-837 

2SC1516 


MJE3300 

1-835 

2SC1517 


2N4922 

1-138 

2SC1519 


2N6557 

1-333 

2SC1520 


2N6557 

1-333 

2SC1521 


2N6557 

1-333 

2SC1576 


MJ13091 

1-689 

2SC1577 


MJ13091 

1-689 

2SC1578 


MJ10014 

1-531 

2SC1579 


MJ10013 

1-531 

2SC1580 


MJ10014 

1-531 

2SC1584 


2N6249 

1-257 

2SC1585 


2N6249 

1-257 

2SC1586 


2N6250 

1-257 


1-12 

















INDEX CROSS-REFERENCE (Continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2SC1609 


2N6340 

1-282 

2SC1610 


2N6341 

1-282 

2SC1617 


MJ411 

1-443 

2SC1618 


2N5758 

1-189 

2SC1619 


2N5758 

1-189 

2SC1628 


MPSU04 

1-925 

2SC1629 


MJ1001 

1-449 

2SC1630 


MPSU04 

1-925 

2SC1664 


2N6300 

1-232 

2SC1667 


2N5758 

1-189 

2SC1669 


TIP47 

1-971 

2SC1672 


2N6341 

1-282 

2SC1683 


TIP47 

1-971 

2SC1722 


TIP48 

1-971 

2SC1723 


TIP48 

1-971 

2SC1728 


MPSU07 

1-931 

2SC1749 


MJE340 

1-811 

2SC1755 


MJE2360T 

1-829 

2SC1756 


MJE2360T 

1-829 

2SC1757 


MJE2360T 

1-829 

2SC1760 


MPSU07 

1-931 

2SC1761 


MPSU01 

1-921 

2SC1768 


MJ3041 

1-455 

2SC1777 


2N5882 

1-199 

2SC1782 


MJ15001 

1-717 

2SC1783 


2N6249 

1-257 

2SC1784 


MJ15001 

1-717 

2SC1785 


2N6249 

1-257 

2SC1786 


2N6250 

1-257 

2SC1818 


2N6340 

1-282 

2SC1819 


MJE2361T 

1-829 

2SC1826 


TIP41B 

1-967 

2SC1827 


TIP41C 

1-967 

2SC1829 


MJ3041 

1-455 

2SC1830 


2N6578 

1-340 

2SC1831 


2N6056 

1-232 

2SC1832 


MJ10009 

1-519 

2SC1846 


MJE180 

1-797 

2SC1847 


MJE181 

1-797 

2SC1848 


D40E7 

1-411 

2SC1866 


2N5760 

1-189 

2SC1868 


MJ13090 

1-689 

2SC1869 


2N5634 

1-178 

2SC1870 


2N6546 

1-319 

2SC1875 


MJ12003 

1-649 

2SC1880 


TIP1 12 

1-979 

2SC1881 


TIP1 10 

1-979 

2SC1883 


TIP122 

1-982 

2SC1884 


2N6301 

1-232 

2SC1891 


BU204 

1-388 

2SC1892 


BU205 

1-388 

2SC1893 


MJ12003 

1-649 

2SC1894 


BU208 

1-393 

2SC1895 


MJ12005 

1-657 

2SC1896 


MJ12005 

1-657 

2SC1903 


MJE341 

1-813 

2SC1904 


MJE341 

1-813 

2SC1905 


MJE2361T 

1-829 

2SC1922 


MJ12003 

1-649 

2SC1929 


TIP48 

1-971 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2SC1942 


MJ12003 

1-649 

2SC1983 


TIP1 1 1 

1-979 

2SC1984 


TIP1 12 

1-979 

2SC1985 


TIP41B 

1-967 

2SC1986 


TIP41C 

1-967 

2SC2024 


2N4923 

1-138 

2SC2027 


MJ12005 

1-657 

2SC2068 


D40N4 

1-419 

2SC2071 


MJE3440 

1-837 

2SC2073 


TIP47 

1-971 

2SC2080 


MJE180 

1-797 

2SC2085 


MJE2361T 

1-829 

2SC2121 


MJ411 

1-443 

2SC2122 


MJ431 

1-445 

2SC2123 


MJ10014 

1-531 

2SC2126 


MJ El 3004 

1-881 

2SC2127 


2N6249 

1-257 

2SC2128 


MJ10015 

1-537 

2SC2138 


MJ13091 

1-689 

2SC2139 


MJ13091 

1-689 

2SC2140 


MJ13091 

1-689 

2SC2147 


MJ10015 

1-537 

2SC2148 


MJ13091 

1-689 

2SC2151 


MJ10014 

1-531 

2SC2159 


MJ10015 

1-537 

2SC2167 


MJE15030 

1-909 

2SC2168 


MJ El 5030 

1-909 

2SC2189 


MJ15001 

1-717 

2SC2190 


2N6545 

1-315 

2SC2191 


2N6547 

1-319 

2SC2198 


2N6301 

1-232 

2SC2199 


MJ11018 

1-638 

2SC2204 


MJ10016 

1-537 

2SC2209 


MJE181 

1-797 

2SC2220 


MJ10016 

1-537 

2SC2229 


TIP47 

1-971 

2SC2230 


TIP47 

1-971 

2SC2233 


2N6497 

1-305 

2SC2235 


TIP47 

1-971 

2SC2236 


TIP31 

1-957 

2SC2238 


TIP47 

1-971 

2SC2239 


2N5052 

1-144 

2SC2242 


MJE2361T 

1-829 

2SC2243 


2N6543 

1-309 

2SC2244 


2N6545 

1-315 

2SC2245 


MJ13091 

1-689 

2SC2246 


2N6547 

1-319 

2SC2247 


2N6543 

1-309 

2SC2248 


2N6545 

1-315 

2SC2249 


MJ10015 

1-537 

2SC2250 


MJ10016 

1-537 

2SC2256 


2N6249 

1-257 

2SC2260 


2N6249 

1-257 

2SC2261 


2N6249 

1-257 

2SC2262 


2N6249 

1-257 

2SC2270 


2N5194 

1-150 

2SC2278 


MJE3439 

1-837 

2SC2292 


MJ13091 

1-689 

2SC2293 


MJ13091 

1-689 

2SC2298 


MJE270 

1-42 


*Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2SC2311 


2N4922 

1-138 

2SC2321 


2N5634 

1-178 

2SC2322 


MJ15015 

1-65 

2SC2323 


M J 1 5001 

1-717 

2SC2324 


2N6038 

1-217 

2SC2331 


MJE13004 

1-881 

2SC2333 


MJ El 3005 

1-881 

2SC2334 


MJ El 5030 

1-909 

2SC2335 


MJ El 3007 

1-887 

2SC2337 


2N5634 

1-178 

2SC2344 


TIP47 

1-971 

2SC2354 


2N3739 

1-93 

2SC2356 


MJ13091 

1-689 

2SC2357 


MJ12010 

1-659 

2SC2358 


MJ12010 

1-659 

2SC2359 


MJ13005 

1-881 

2SC2366 


MJ10016 

1-537 

2SC2371 


MJE3439 

1-837 

2SC2373 


MJE13006 

1-887 

2SC2388 


2N6543 

1-309 

2SC2397 


MJE3055T 

1-833 

2SC2402 


2N6546 

1-319 

2SC2403 


MJ10015 

1-537 

2SC2428 


2N6249 

1-257 

2SC2429 


MJ16010 

1-765 

2SC2430 


2 N 5633 

1-178 

2SC2431 


MJ15015 

1-65 

2SC2432 


2N5882 

1-199 

2SC2433 


MJ11016 

1-636 

2SC2434 


2N6327 

1-38 

2SC2435 


2N6059 

1-228 

2SC2436 


2N6059 

1-228 

2SC2442 


MJ10016 

1-537 

2SC2443 


MJ10016 

1-537 

2SC2448 


MJ13091 

1-689 

2SC2449 


MJ13091 

1-689 

2SC2450 


MJ13091 

1-689 

2SC2451 


MJ13091 

1-689 

2SC2452 


MJ13091 

1-689 

2SC2453 


MJ13091 

1-689 

2SC2482 


MJE2361T 

1-829 

2SC2487 


2N5634 

1-178 

2SC2488 


2N5634 

1-178 

2SC2489 


2N5634 

1-178 

2SC2492 


2N5633 

1-178 

2SC2493 


2N5634 

1-178 

2SC2500 


TIP31 

1-957 

2SC2516 


2N6497 

1-305 

2SC2534 


MJ El 3003 

1-875 

2SC2535 


MJE13005 

1-881 

2SC2536 

2SC2541 


2 N 6499 

1-305 

(T0218) 


MJ13091 

1-689 

2SC2562 


TIP42A 

1-967 

2SC2569 


2N5760 

1-189 

2SC2590 


MJE341 

1-813 

2SD12 


2N5758 

1-189 

2SD15 


2N5758 

1-189 

2SD16 


2N5758 

1-189 

2SD17 


2N5760 

1-189 


‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2SD18 


MJ15011 

1-723 

2SD24 


2N3739 

1-93 

2SD26 


2N5758 

1-189 

2SD26A 


2N5758 

1-189 

2SD26B 


2N5758 

1-189 

2SD26C 


2N5760 

1-189 

2SD28 


2N3767 

1-100 

2SD29 


2N3767 

1-100 

2SD041 


2N3716 

1-82 

2SD45 


2N5760 

1-189 

2SD46 


2N5760 

1-189 

2SD47 


2N5758 

1-189 

2SD49 


2N5050 

1-144 

2SD50 


2N5758 

1-189 

2SD51 


2N5758 

1-189 

2SD52 


2N5758 

1-189 

2SD53 


2N5759 

1-189 

2SD55 


2N6328 

1-38 

2SD56 


2N3738 

1-93 

2SD57 


2N3766 

1-100 

2SD58 


2N3766 

1-100 

2SD60 


2N5760 

1-189 

2SD67 


2N5759 

1-189 

2SD68 


2N5758 

1-189 

2SD69 


2N5760 

1-189 

2SD70 


2N3766 

1-100 

2SD71 


2N5050 

1-144 

2SD73 


2N5758 

1-189 

2SD74 


2N5760 

1-189 

2SD80 


2N5758 

1-189 

2SD81 


2N5758 

1-189 

2SD82 


2N5758 

1-189 

2SD83 


2N5760 

1-189 

2SD84 


MJ15011 

1-723 

2SD88 


2N5758 

1-189 

2SD90 


2N3766 

1-100 

2SD91 


2N3766 

1-100 

2SD92 


2N3583 

1-76 

2SD93 


2N5051 

1-144 

2SD94 


2N5052 

1-144 

2SD102 


2N3583 

1-76 

2SD103 


2N5050 

1-144 

2SD107 


2N6056 

1-232 

2SD108 


2N6056 

1-232 

2SD110 


2 N 5634 

1-178 

2SD111 


2N5632 

1-178 

2SD113 


MJ802 

1-447 

2SD114 


2N5686 

1-185 

2SD116 


2N5758 

1-189 

2SD117 


2N5760 

1-189 

2SD118 


2N5760 

1-189 

2SD119 


2N5758 

1-189 

2SD124 


2N5758 

1-189 

2SD124A 


2N5758 

1-189 

2SD125 


2N5758 

1-189 

2SD125A 


2N5758 

1-189 

2SD126 


2N5760 

1-189 

2SD129 


2N3767 

1-100 

2SD130 


2N3766 

1-100 

2SD131 


2N5758 

1-189 


1-14 
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Motorola 
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2SD132 


2N6338 

1-282 

2SD138 


2N3738 

1-93 

2SD139 


2N3739 

1-93 

2SD141 


2N3766 

1-100 

2SD142 


2N3766 

1-100 

2SD143 


2N3767 

1-100 

2SD144 


2N3767 

1-100 

2SD146 


2N4912 

1-131 

2SD147 


2N4912 

1-131 

2SD148 


2N4912 

1-131 

2SD150 


2N3583 

1-76 

2SD151 


2N5632 

1-178 

2SD152 


2N3583 

1-76 

2SD154 


2N3767 

1-100 

2SD155 


2N3767 

1-100 

2SD156 


2N3738 

1-93 

2SD157 


2N3739 

1-93 

2SD158 


2N3738 

1-93 

2SD159 


2N3739 

1-93 

2SD161 


2N5633 

1-178 

2SD163 


2N3715 

1-82 

2SD164 


2N5632 

1-178 

2SD165 


2N5634 

1-178 

2SD166 


MJ15011 

1-723 

2SD168 


2N6385 

1-289 

2SD171 


2N6543 

1-309 

2SD172 


2N5877 

1-196 

2SD173 


2N5632 

1-178 

2SD174 


2N5877 

1-196 

2SD175 


2N5632 

1-178 

2SD176 


2N5632 

1-178 

2SD177 


2N5634 

1-178 

2SD180 


2N5758 

1-189 

2SD181 


MJ15001 

1-717 

2SD188 


2N5758 

1-189 

2SD189 


2N5758 

1-189 

2SD189A 


2N5758 

1-189 

2SD198 


2N5840 

1-193 

2SD199 


BU204 

1-388 

2SD200 


BU204 

1-388 



2N5758 

1-189 



2N5759 

1-189 

2SD203 


2N5760 

1-189 

2SD206 


2N5877 

1-196 

2SD207 


2N5632 

1-178 

2SD208 


2N5634 

1-178 

2SD211 


2N5877 

1-196 

2SD212 


2N5632 

1-178 

2SD213 


2N5633 

1-178 

2SD214 


2N5634 

1-178 

2SD217 


2N5633 

1-178 

2SD218 


2N5634 

1-178 

2SD226 


2N3766 

1-100 

2SD231 


2N5302 

1-154 



2N6275 

1-261 



TIP31A 

1-957 

2SD235 


TIP31A 

1-957 

2SD236 


2N4912 

1-131 

2SD237 


2N4912 

1-131 

2SD238 


2N3583 

1-76 


^Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 


Industry 
Part Number 

2SD241 

2SD242 

2SD243 

2SD244 

2SD246 

2SD247 

2SD249 

2SD250 

2SD251 

2SD254 

2SD255 

2SD256 

2SD257 

2SD258 

2SD259 

2SD260 

2SD262 

2SD265 

2SD266 

2SD271 

2SD272 

2SD273 

2SD274 

2SD283 

2SD284 

2SD285 

2SD286 

2SD287 

2SD288 

2SD289 

2SD290 

2SD291 

2SD292 

2SD293 

2SD294 

2SD295 

2SD296 

2SD297 

2SD299 

2SD300 

2SD301 

2SD310 

2SD311 

2SD312 

2SD313 

2SD314 

2SD315 

2SD316 

2SD317 

2SD318 

2SD319 

2SD320 

2SD321 

2SD322 

2SD323 

2SD324 

2SD325 

2SD326 

2SD330 

2SD331 


1-15 
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Motorola 
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Motorola 

Similar 

Replacement 


2N5759 

2N5758 

2N5758 

2N5758 

MJ15015 

MJ15015 

TIP31B 

TIP31B 

TIP31B 

TIP31B 

TIP41A 

TIP41A 

MJ12005 

MJ12004 

2N6545 

2N5838 

2N4923 

2N4923 

2N4923 

2N5190 

2N5190 

2N5191 

MJ10015 

MJ10016 

TIP31A 

TIP31A 

MJ 12005 

2N3716 

2N5758 

MJ10015 

MJ10015 

MJ10016 

MJ13330 

MJ13331 

MJ13334 

2N5758 

MJ12005 

MJ El 5030 

MJ El 5030 

MJ411 

2N6301 

2N6301 

MJ El 3004 

MJ El 3004 

MJ4247 

TIP31A 

TIP31A 

MJ13091 

MJ13091 

MJ13091 

2N6547 

TIP47 

TIP47 

TIP120 

MJE341 

MJE341 

MJ12005 

2N6306 

MJ12005 

MJ El 3004 


^Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Motorola 

Direct 
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Motorola 

Similar 
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Page # 

MJ El 3004 

1-881 

MJ15001 

1-717 

2N5634 

1-178 

2N5633 

1-178 

2N5759 

1-189 

2N5758 

1-189 

2N6547 

1-319 

2N5759 

1-189 

2N5633 

1-178 

2N5634 

1-178 

MJ15011 

1-723 

MJ13330 

1-701 

MJ13332 

1-707 

MJ13333 

1-707 

MJ13091 

1-689 

MJ10015 

1-537 

MJ13091 

1-689 

TIP121 

1-982 

TIP122 

1-982 

MJ411 

1-443 

2N6056 

1-232 

2 N 6056 

1-232 

2N6122 

1-241 

2N6123 

1-241 

TIP47 

1-971 

2N6037 

1-217 

2N6038 

1-217 

2N6039 

1-217 

2 N 5655 

1-182 

2N5656 

1-182 

2N5657 

1-182 

2N5190 

1-146 

2N5191 

1-146 

2N5192 

1-146 

2N4921 

1-138 

2N4922 

1-138 

2N4923 

1-138 

MJE3055 

1-833 

2N3055 

1-62 

2N5977 

1-210 

2N5978 

1-210 

2N5979 

1-210 

MJE6043 

1-221 

MJE6044 

1-221 

MJE6045 

1-221 

MJE3055 

1-833 

MJE3055 

1-833 

2N5991 

2-213 

2N6055 | 

1-232 

2N6056 

1-232 

2N6057 

1-228 

2N6058 

1-228 

2N6059 

1-228 

MJ12003 

1-649 

MJE13004 

1-881 

MJ13015 

1-671 

2N5632 

1-178 

2N6055 

1-232 

2N6056 

1-232 

TIP41C 

1-967 
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Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 


Industry 
Part Numb 

2SD526 


TIP41B 

1-967 


2SD687 

2SD531 


TIP41C 

1-967 


2SD689 

2SD533 


MJ423 

1-445 


2SD690 

2SD538 


MJ13091 

1-689 


2SD691 

2SD539 


MJ13015 

1-671 


2SD692 

2SD544 


TIP41C 

1-967 


2SD693 

2SD552 


2N6250 

1-257 


2SD694 

2SD553 


TIP41B 

1-967 


2SD695 



2N3584 

1-76 


2SD696 



MJ13015 

1-671 


2SD702 

2SD558 


MPSU07 

1-931 


2SD703 

2SD570 


2N6123 

1-241 


2SD705 

2SD572 


MJ10013 

1-531 


2SD706 

2SD573 


MJ10014 

1-531 


2SD707 

2SD574 


MJ11016 

1-636 


2SD708 

2SD577 


MJ 12004 

1-651 


2SD709 

2SD589 


MJ12005 

1-657 


2SD710 

2SD597 


2N5758 

1-189 


2SD716 

2SD598 


2N5759 

1-189 


2SD717 

2SD600 


2N4923 

1-138 


2SD718 

2SD604 


MJ3041 

1-455 


2SD721 

2SD605 


MJ3042 

1-455 


2SD722 

2SD606 


MJ10014 

1-531 


2SD723 

2SD608 


TIP47 

1-971 


2SD724 

2SD610 


TIP47 

1-971 


2SD725 

2SD612 


MJE520 

1-821 


2SD726 

2SD613 


TIP41C 

1-967 


2SD727 

2SD622 


MJ El 3005 

1-881 


2SD728 

2SD626 


MJ10012 

1-527 


2SD729 

2SD627 


MJ12004 

1-651 


2SD731 

2SD628 


2N6059 

1-228 


2SD732 

2SD629 


2N6059 

1-228 


2SD733 

2SD630 


2N5302 

1-154 


2SD748 

2SD631 


2N5302 

1-154 


2SD749 

2SD632 


2N5840 

1-193 


2SD751 

2SD633 


TIP122 

1-982 


2SD752 

2SD634 


TIP121 

1-982 


2SD753 

2SD635 


TIP120 

1-982 


2SD757 

2SD640 


2N6545 

1-315 


2SD758 

2SD642 


MJ10016 

1-537 


2SD759 

2SD643 


MJ10015 

1-537 


2SD760 

2SD644 


MJ10016 

1-537 


2SD761 

2SD645 


MJ10016 

1-537 


2SD762 

2SD646 


MJ10016 

1-537 


2SD764 

2SD649 


MJ12004 

1-651 


2SD765 

2SD650 


MJ3042 

1-455 


2SD766 

2SD663 


MJ3042 

1-455 


2SD768 

2SD665 


2N6249 

1-257 


2SD793 

2SD668 


MJE344 

1-813 


2SD794 

2SD669 


MJE344 

1-813 


2SD797 

2SD670 


2N6578 

1-340 


2SD800 

2SD672 


2N5840 

1-193 


2SD801 

2SD673 


2N5759 

1-189 


2SD802 

2SD674 


2N5759 

1-189 


2SD803 

2SD675 


2N5760 

1-189 


2SD805 

2SD676 


2N5760 

1-189 


2SD811 

2SD677 


2N6543 

1-309 


2SD823 

2SD678 


TIPI 10 

1-979 


2SD836 

2SD679 


TIP1 11 

1-979 


2SD837 

2SD686 


TIP122 

1-982 


2SD839 


‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 
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Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

2SD840 


MJE802T 

1-823 

2SD843 


MJ El 5028 

1-909 

2SD844 


2N6290 

1-238 

2SD867 


2 N 5633 

1-178 

2SD872 


2N6499 

1-305 

2SD873 


2N3773 

1-108 

2SD877 


2N3441 

1-69 

2SD878 


2N3055 

1-62 

2SD880 


TIP31A 

1-957 

2SD882 


MJE180 

1-797 

2SD903 


MJ 12005 

1-657 

2SD950 


MJ12004 

1-651 

2SD951 


MJ12004 

1-651 

2SD952 


MJ12004 

1-651 

2SD953 


MJ12005 

1-657 

40250 


2N4231A 

1-120 

40251 


2N6569 

1-336 

40310 


2N4231A 

1-120 

40312 


2N4232A 

1-120 

40313 


2N4240 

1-76 

40316 


2N4231A 

1-120 

40318 


2N4240 

1-76 

40322 


2N4240 

1-76 

40324 


2N4231A 

1-120 

40325 


2N6569 

1-336 

40328 


2N4240 

1-76 

40363 


2N5877 

1-196 

40364 


2N4233A 

1-120 

40369 


2N5877 

1-196 

40372 


2N3054 

1-58 

40373 


2N3441 

1-69 

40374 


2N3583 

1-76 

40375 


2N5428 

1-170 

40411 


MJ802 

1-447 

40513 


MJE3055T 

1-833 

40514 


MJE3055T 

1-833 

40542 


2N5978 

1-210 

40543 


2N5978 

1-210 

40613 


TIP31 

1-957 

40618 


TIP31 

1-957 

40621 


TIP31 

1-957 

40622 


TIP31 

1-957 

40624 


TIP41A 

1-967 

40627 


TIP41A 

1-967 

40629 


TIP31 

1-957 

40630 


TIP31 

1-957 

40631 


TIP31A 

1-957 

40632 


TIP41A 

1-967 

40636 


2N5878 

1-196 

40829 


2N6316 

1-278 

40830 


2N6315 

1-278 

40831 


2N6315 

1-278 

40850 


2N4240 

1-76 

40852 


2N6543 

1-309 

40853 


2N6546 

1-319 

40854 


2N6546 

1-319 

40871 


TIP41C 

1-967 

40872 


TIP42C 

1-967 

40873 


TIP41B 

1-967 

40874 


TIP41B 

1-967 


Industry 
Part Number 


40875 

40876 

40885 

40886 

40887 

40910 

40911 

40912 

40913 

41012 

41013 

41500 

41501 

41504 

41505 

41506 
43104 
BUI 05 
BU108 
BU126 

BU180 

BU180A 

BU204 

BU205 

BU207 

BU208 

BU208D 

BU406 

BU407 

BU806 

BU807 

BUX80 

BUX81 

BUX82 

BUX83 

BUX84 

BUX85 

BUX86 

BUX87 

D40C1 

D40C2 

D40C4 

D40C5 

D40D1 

D40D2 

D40D3 

D40D4 

D40D5 

D40D7 

D40D8 

D40D10 

D40D11 

D40D13 

D40D14 

D40E1 

D40E5 

D40E7 

D40K1 

D40K2 

D40K3 


‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 


Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 


TIP41C 

1-967 


TIP41A 

1-967 


MPSU10 

1-933 


MPSU10 

1-933 


2N6559 

1-333 


2N4231A 

1-120 


2N4233A 

1-120 


2N5050 

1-144 


2N5051 

1-144 


2N5038 

1-142 


2N6339 

1-282 


TIP29 

1-955 


TIP30 

1-955 


TIP31 

1-957 


MPSU10 

1-933 


2N6543 

1-309 


2N5631 

1-174 

BU205 


1-388 

BU208 


1-393 


MJ3030 

1-453 


MJE5741 

1-851 


MJE5742 

1-851 

BU204 


1-388 

BU205 


1-388 

BU207 


1-393 

BU208 


1-393 

BU208D 


1-398 

BU406 


1-400 

BU407 


1-400 

BU806 


1-402 

BU807 


1-402 


2N6547 

1-319 


MJ13335 

1-707 


2N6545 

1-315 


2N6545 

1-315 


MJ El 3005 

1-881 


MJ El 3005 

1-881 


MJ El 3003 

1-875 


MJ El 3003 

1-875 

D40C1 


1-404 

D40C2 


1-404 

D40C4 


1-404 

D40C5 


1-404 

D40D1 


1-407 

D40D2 


1-407 


D40D2 

1-407 

D40D4 


1-407 

D40D5 


1-407 

D40D7 


1-407 

D40D8 


1-407 

D40D10 


1-407 

D40D11 


1-407 

D40D13 


1-407 

D40D14 


1-407 

D40E1 


1-411 

D40E5 


1-411 

D40E7 


1-411 

D40K1 


1-415 

D40K2 


1-415 

D40K3 


1-415 
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Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

D40K4 

D40K4 


1-415 

D40N1 

D40N1 


1-419 

D40N2 

D40N2 


1-419 

D40N3 

D40N3 


1-419 

D40N4 

D40N4 


1-419 

D40P1 

D40P1 


1-422 

D40P3 

D40P3 


1-422 

D40P5 

D40P5 


1-422 

D41D1 

D41D1 


1-407 

D41D2 

D41D2 


1-407 

D41D4 

D41D4 


1-407 

D41D5 

D41D5 


1-407 

D41D7 

D41D7 


1-407 

D41D8 

D41D8 


1-407 

D41D10 

D41D10 


1-407 

D41D11 

D41D11 


1-407 

D41D13 

D41D13 


1-407 

D41D14 

D41D14 


1-407 

D41E1 

D41E1 


1-411 

D41E5 

D41E5 


1-411 

D41E7 

D41E7 


1-411 

D41K1 

D41K1 


1-415 

D41K2 

D41K2 


1-415 

D41K3 

D41K3 


1-415 

D41K4 

D41K4 


1-415 

D42C1 


MDS26 

1-437 

D42C2 


MDS26 

1-437 

D42C3 


MDS26 

1-437 

D42C4 


MDS27 

1-437 

D42C5 


MDS27 

1-437 

D42C6 


MDS27 

1-437 

D42C7 


MDS27 

1-437 

D42C8 


MDS27 

1-437 

D42C9 


MDS27 

1-437 

D43C1 


MDS76 

1-437 

D43C2 


MDS76 

1-437 

D43C3 


MDS76 

1-437 

D43C4 


MDS77 

1-437 

D43C5 


MDS77 

1-437 

D43C6 


MDS77 

1-437 

D43C7 


MDS77 

1-437 

D43C8 


MDS77 

1-437 

D43C9 


MDS77 

1-437 

D44C1 

D44C1 


1-426 

D44C2 

D44C2 


1-426 

D44C3 

D44C3 


1-426 

D44C4 

D44C4 


1-426 

D44C5 

D44C5 


1-426 

D44C6 

D44C6 


1-426 

D44C7 

D44C7 


1-426 

D44C8 

D44C8 


1-426 

D44C9 

D44C9 


1-426 

D44C10 

D44C10 


1-426 

D44C11 

D44C11 


1-426 

D44C12 

D44C12 


1-426 

D44D1 


2N6386 

1-293 

D44D2 


2 N 6386 

1-293 

D44D3 


2N6043 

1-221 

D44D4 


2N6043 

1-221 

D44D5 


2N6044 

1-221 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

D44D6 


2N6044 

1-221 

D44E1 


2N6386 

1-428 

D44E2 


2N6387 

1-428 

D44E3 


2N6388 

1-428 

D44H1 

D44H1 


1-430 

D44H2 

D44H2 


1-430 

D44H4 

D44H4 


1-430 

D44H5 

D44H5 


1-430 

D44H7 

D44H7 


1-430 

D44H8 

D44H8 


1-430 

D44H10 

D44H10 


1-430 

D44H11 

D44H11 


1-430 

D44R1 


TIP47 

1-971 

D44R2 


TIP47 

1-971 

D44R3 


TIP48 

1-971 

D44R4 


TIP48 

1-971 

D44R5 


TIP47 

1-971 

D44R6 


TIP48 

1-971 

D44TD3 


MJE13070 

1-903 

D44TD4 


MJE13070 

1-903 

D44TD5 


MJE13070 

1-903 

D44TE3 


MJE13070 

1-903 

D44TE4 


MJE13070 

1-903 

D44TE5 


MJE13070 

1-903 

D44VH1 

D44VH1 


1-432 

D44VH4 

D44VH4 


1-432 

D44VH7 

D44VH7 


1-432 

D44VH10 

D44VH10 


1-432 

D45C1 

D45C1 


1-426 

D45C2 

D45C2 


1-426 

D45C3 

D45C3 


1-426 

D45C4 

D45C4 


1-426 

D45C5 

D45C5 


1-426 

D45C6 

D45C6 


1-426 

D45C7 

D45C7 


1-426 

D45C8 

D45C8 


1-426 

D45C9 

D45C9 


1-426 

D45C10 

D45C10 


1-426 

D45C11 

D45C11 


1-426 

D45C12 

D45C12 


1-426 

D45E1 


TIP125 

1-428 

D45E2 


TIP125 

1-428 

D45E3 


TIP126 

1-428 

D45H1 

D45H1 


1-430 

D45H2 

D45H2 


1-430 

D45H4 

D45H4 


1-430 

D45H5 

D45H5 


1-430 

D45H7 

D45H7 


1-430 

D45H8 

D45H8 


1-430 

D45H9 

D45H9 


1-47 

D45H10 

D45H10 


1-430 

D45H11 

D45H11 


1-430 

D45H12 

D45H12 


1-430 

D45VH1 

D45VH1 


1-432 

D45VH4 

D45VH4 


1-432 

D45VH7 

D45VH7 


1-432 

D45VH10 

D45VH10 


1-432 

D56W1 


BU208 

1-393 

D56W2 


BU208 

1-393 

D56W3 


BU207 

1-393 


*Consuit factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

D56W4 


BU207 

1-393 

D64VE3 


MJ13080 

1-683 

D64VE4 


MJ13080 

1-683 

D64VE5 


MJ13080 

1-683 

D54VP3 


MJ13090 

1-689 

D64VP4 


MJ13090 

1-689 

D64VP5 


MJ13090 

1-689 

D64VS3 


MJ13100 

1-695 

D64VS4 


MJ13100 

1-695 

D64VS5 


MJ13100 

1-695 

DTS310 


2N6306 

1-274 

DTS311 


2N6306 

1-274 

DTS401 


2N3902 

1-116 

DTS402 


2N3902 

1-116 

DTS403 


2N6308 

1-174 

DTS409 


2N6308 

1-274 

DTS410 


MJ410 

1-443 

DTS411 


MJ411 

1-443 

DTS413 


MJ413 

1-445 

DTS423 


MJ423 

1-445 

DTS424 


2N6308 

1-274 

DTS425 


2N6545 

1-315 

DTS430 


2N6307 

1-274 

DTS431 


MJ431 

1-445 

DTS515 


2N6306 

1-274 

DTS516 


2N6306 

1-274 

DTS517 


2N6306 

1-274 

DTS518 


2N6307 

1-274 

DTS519 


2N6308 

1-274 

DTS660 


2N6233 

1-254 

DTS663 


2N6235 

1-254 

DTS665 


2N6235 

1-254 

DTS701 


BU204 

1-388 

DTS702 


BU205 

1-388 

DTS712 


BU207 

1-393 

DTS714 


BU208 

1-393 

DTS801 


BU205 

1-388 

DTS802 


BU207 

1-393 

DTS804 


BU208 

1-393 

DTS812 


BU207 

1-393 

DTS814 


BU208 

1-393 

DTS1010 


2N6056 

1-232 

DTS1020 


MJ3001 

1-451 

DTS4010 


MJ3041 

1-455 

DTS4025 


MJ3041 

1-455 

DTS4026 


MJ10012 

1-527 

DTS4039 


MJ10000 

1-495 

DTS4040 


MJ10000 

1-495 

DTS4041 


MJ10000 

1-495 

DTS4045 


MJ10000 

1-495 

DTS4059 


MJ 10000 

1-495 

DTS4060 


MJ10001 

1-495 

DTS4061 


MJ10000 

1-495 

DTS4065 


MJ10001 

1-495 

DTS4066 


MJ10000 

1-495 

DTS4067 


MJ10000 

1-495 

DTS4074 


MJ 10004 

1-507 

DTS4075 


MJ10004 

1-507 

FT47 


TIP47 

1-971 

FT48 


TIP48 

1-971 


^Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Page # 

FT49 


TIP49 

1-971 

FT50 


TIP50 

1-971 

FT317 

FT317 

MJE15028 

1-909 

FT317A 

FT317A 


1-46 

FT317B 

FT317B 


1-46 

FT401 


2N3902 

1-116 

FT402 


2N3902 

1-116 

FT410 


MJ410 

1-443 

FT411 


MJ411 

1-443 

FT413 


MJ413 

1-445 

FT417 

FT417 


1-46 

FT417A 

FT417A 


1-46 

FT417B 

FT417B 


1-46 

FT423 


MJ423 

1-445 

FT430 


2N6307 

1-274 

FT431 


MJ431 

1-445 

FT2955 


MJE2955T 

1-833 

FT3055 


MJE3055T 

1-833 

GE5060 


MJ10000 

1-495 

GE5061 


MJ10000 

1-495 

GE5062 


MJ10001 

1-495 

GE6060 


MJ10015 

1-537 

GE6061 


MJ10015 

1-537 

GE6062 


MJ10015 

1-537 

GE6251 


MJ10004 

1-507 

GE6252 


MJ10004 

1-507 

GE6253 


MJ10005 

1-507 

IR401 


2N3902 

1-116 

IR402 


2N3902 

1-116 

IR403 


2N6308 

1-274 

IR409 


2N6308 

1-274 

IR410 


MJ410 

1-443 

IR411 


MJ411 

1-443 

IR413 


MJ413 

1-445 

IR423 


MJ423 

1-445 

IR424 


2N6308 

1-274 

IR425 


2N6545 

1-315 

IR430 


2 N 6307 

1-274 

IR431 


MJ431 

1-445 

IR515 


2N6250 

1-257 

IR516 


2N6250 

1-257 

IR517 


2N6251 

1-257 

IR518 


2N6546 

1-319 

IR519 


2N6547 

1-319 

IR640 


MJ3000 

1-451 

IR641 


MJ3001 

1-451 

IR642 


2N6578 

1-340 

IR645 


MJ2500 

1-451 

IR646 


MJ2501 

1-451 

IR647 


2N6052 

1-228 

IR660 


MJ410 

1-443 

IR663 


MJ423 

1-445 

IR665 


MJ12003 

1-649 

IR701 


BU204 

1-388 

IR801 


BU205 

1-388 

IR802 


MJ802 

1-447 



MJ900 

1-449 

IR901 


MJ901 

1-449 

IR1000 


MJ1000 

1-449 

IR1001 


MJ1001 

1-449 
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IR1010 


2N6056 

1-232 

IR1020 


MJ3001 

1-451 

IR2500 


MJ2500 

1-451 

IR2501 


MJ2501 

1-451 

IR3000 


MJ3000 

1-451 

IR3001 


MJ3001 

1-451 

IR3771 


2N3771 

1-104 

IR3772 


2N3772 

1-104 

IR3773 


2N3773 

1-108 

IR4039 


MJ10000 

1-495 



MJ10000 

1-495 

IR4041 


MJ10000 

1-495 

IR4045 


MJ10000 

1-495 

IR4050 


MJ10000 

1-495 

IR4055 


MJ10000 

1-495 

IR4059 


MJ10000 

1-495 

IR4060 


MJ10001 

1-495 

IR4061 


MJ10000 

1-495 

IR4065 


MJ10001 

1-495 

IR4502 


MJ4502 

1-463 

IR5000 


MJ10000 

1-495 

IR5001 


MJ10000 

1-495 

IR5002 


MJ10001 

1-495 

IR5060 


MJ10000 

1-495 

IR5061 


MJ10000 

1-495 

IR5062 


MJ10001 

1-495 

IR5252 


MJ10003 

1-501 

IR5261 


MJ10002 

1-501 

1 R6000 


MJ10004 

1-507 

IR6001 


MJ10004 

1-507 

IR6002 


MJ10005 

1-507 

IR6060 


MJ10004 

1-507 

IR6061 


MJ10004 

1-507 

IR6062 


MJ10005 

1-507 

IR6251 


MJ10006 

1-513 

IR6252 


MJ10007 

1-513 

IR6302 


2N5630 

1-174 

KDT410 


MJ410 

1-443 

KDT411 


MJ411 

1-443 

KDT413 


MJ413 

1-445 

KDT423 


MJ423 

1-445 

KDT430 


2N6307 

1-274 

KDT431 


MJ431 

1-445 

KDT515 


2N6306 

1-274 

KDT516 


2N6306 

1-274 

KDT517 


2N6306 

1-274 

KDT518 


2N6307 

1-274 

KDT519 


2N6308 

1-274 

KP3946 


2N6274 

1-261 

KP3948 


2N6274 

1-261 

MDS20 

MDS20 


1-434 

MDS21 

MDS21 


1-434 

MDS26 

MDS26 


1-437 

MDS27 

MDS27 


1-437 

MDS60 

MDS60 


1-439 

MDS73 


MDS77 

1-437 

MDS74 


MJE172 

1-797 

MDS75 


MJE253 

1-807 

MDS76 

MDS76 


1-437 

MDS77 

MDS77 


1-437 


*Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

MDS1678 


MDS27 

1-441 

MJ105 

BU205 


1-388 


BU205 


1-388 

MJ400 

MJ400 

2N3739 

1-93 

MJ410 

MJ410 


1-443 

MJ411 

MJ411 


1-443 

MJ413 

MJ413 


1-445 


MJ423 


1-445 


MJ424 

2N6308 

1-274 

MJ425 

MJ425 

2N6545 

1-315 

MJ431 

MJ431 


1-445 



2N4398 

1-124 



2N3713 

1-82 

MJ481 


2N3713 

1-82 



2N3789 

1-112 

MJ491 


2N3789 

1-112 



MJ12002 

1-644 



MJ12002 

1-644 



MJ12002 

1-644 

MJ721 


MJ12002 

1-644 

MJ723 


MJ12002 

1-644 


MJ802 


1-447 

MJ804 


MJ12004 

1-651 


MJ900 


1-449 

MJ901 

MJ901 


1-449 



(2) 2N6298 

1-232 

MJ921 


(2) 2N6299 

1-232 

MJ1000 

MJ1000 


1-449 

MJ1001 

MJ1001 


1-449 

MJ1200 


(2) 2N6300 

1-232 

MJ1201 


(2) 2N6301 

1-232 

MJ2249 


2N3766 

1-100 

MJ2250 

MJ2250 

2N3767 

1-100 

MJ2251 


2N3738* 

1-93 

MJ2252 


2N3739* 

1-93 

MJ2253 


2N3740* 

1-97 

MJ2254 


2N3741* 

1-97 

MJ2267 


2N6594 

1-347 

MJ2268 


MJ2955 

1-62 

MJ2300 


MJE270 

1-42 

MJ2305 


MJE271 

1-42 

MJ2500 

MJ2500 


1-451 

MJ2501 

MJ2501 


1-451 

MJ2801 

MJ2801 

2N6569 

1-336 

MJ2802 


2N5881* 

1-199 

MJ2840 


2N5877 

1-196 

MJ2841 


2 N 5878 

1-196 

MJ2901 


2N6594* 

1-347 

MJ2940 


2N5875 

1-196 

MJ2955 

MJ2955 


1-62 

MJ2955A 

MJ2955A 


1-65 

MJ3000 

MJ3000 


1-451 

MJ3001 

MJ3001 


1-451 

MJ3029 

MJ3029 


1-453 

MJ3030 

MJ3030 


1-453 

MJ3040 

MJ3040 


1-455 

MJ3041 

MJ3041 


1-455 

MJ3042 

MJ3042 


1-455 

MJ3055 

2N3055 


1-62 

MJ3055A 

2N3055A 


1-65 


1-21 






















INDEX CROSS-REFERENCE (Continued) 


1.1 


Industry 
Part Number 


MJ 10000 
MJ10001 
MJ10002 
MJ10003 
MJ10004 
MJ10005 

MJ10006 

MJ10007 

MJ10008 

MJ10009 

MJ10011 

MJ10012 

MJ10013 

MJ10014 

MJ10015 

MJ10016 

MJ10020 
MJ10021 
MJ10022 
MJ10023 
MJ10024 
MJ10025 
MJ10041 
MJ10042 
MJ 10044 
MJ10045 


Motorola 

Direct 

Replacement 


Motorola 

Similar 

Replacement 



MJ8502 

MJ8503 

MJ8504 

MJ8505 

MJ10000 

MJ10001 

MJ10002 

MJ10003 

MJ10004 

MJ10005 

MJ 10006 
MJ10007 
MJ10008 
MJ10009 
MJ10011 
MJ10012 
MJ10013 
MJ10014 
MJ10015 
MJ10016 

MJ10020 
MJ10021 
MJ10022 
MJ10023 
MJ10024 
MJ10025 
MJ10041 
MJ10042 
MJ10044 
MJ 10045 


MJ El 3002 
MJE13003 
MJ El 3004 
MJE13005 
MJ El 3004 
MJ El 3005 



Industry 
Part Number 


MJ10047 

MJ10048 

MJ10050 

MJ10051 

MJ10052 

MJ10100 

MJ10101 

MJ10102 

MJ10200 

MJ10201 

MJ10202 

MJ11011 

MJ11012 

MJ11013 

MJ11014 

MJ11015 

MJ11016 

MJ11017 

MJ11018 

MJ11019 

MJ11020 

MJ11021 

MJ11022 

MJ11028 

MJ11029 

MJ11030 

MJ11031 

MJ11032 

MJ11033 

MJ12002 

MJ12003 

MJ12004 

MJ12005 

MJ12010 

MJ12020 

MJ12021 

MJ12022 

MJ13010 

MJ13014 

MJ13015 

MJ13018 

MJ13019 

MJ13070 

MJ13071 

MJ13080 

MJ13081 

MJ13090 

MJ13091 

MJ13100 

MJ13101 

MJ13330 

MJ13331 

MJ13332 

MJ13333 

MJ13334 

MJ13335 

MJ14000 

MJ14001 

MJ14002 

MJ14003 


Motorola Motorola 

Direct Similar 

Replacement Replacement 


MJ10047 
MJ10048 
MJ10050 
MJ10051 
MJ 10052 
MJ10100 
MJ10101 
MJ10102 
MJ10200 
MJ10201 

MJ10202 

MJ11011 

MJ11012 

MJ11013 

MJ11014 

MJ11015 

MJ11016 

MJ11017 

MJ11018 

MJ11019 

MJ11020 
MJ11021 
MJ11022 
MJ11028 
MJ11029 
MJ11030 
MJ11031 
MJ11032 
M J 1 1033 
MJ12002 

MJ 12003 
MJ12004 
MJ 12005 
MJ12010 
MJ12020 
MJ12021 
MJ12022 

MJ13014 

MJ13015 


MJ13070 
MJ13071 
MJ13080 
MJ13081 
MJ13090 
MJ 13091 
MJ13100 
MJ13101 

MJ13330 
MJ13331 
MJ13332 
MJ13333 
MJ13334 
MJ13335 
MJ 14000 
MJ14001 
MJ14002 
MJ14003 


MJ13330 

MJ13331 



‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 


1-22 



















INDEX CROSS-REFERENCE (Continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

MJ15001 

MJ15001 


1-717 

MJ 15002 

MJ15002 


1-717 

MJ15003 

MJ15003 


1-720 

MJ15004 

MJ15004 


1-720 

MJ15011 

MJ15011 


1-723 

MJ15012 

MJ15012 


1-723 

MJ15015 

MJ15015 


1-65 

MJ15016 

MJ15016 


1-65 

MJ15022 

MJ15022 


1-725 

MJ15023 

MJ15023 


1-728 

MJ15024 

MJ15024 


1-725 

MJ15025 

MJ15025 


1-728 

MJ15026 

MJ15026 


1-731 

MJ15027 

MJ15027 


1-731 

MJ16002 

MJ16002 


1-735 

MJ16002A 

MJ16002A 


1-743 

MJ16004 

MJ16004 


1-735 

MJ16006 

MJ16006 


1-750 

MJ16006A 

MJ16006A 


1-758 

MJ 16008 

MJ16008 


1-750 

MJ16010 

MJ16010 


1-765 

MJ16010A 

MJ16010A 


1-773 

MJ16012 

MJ16012 


1-765 

MJ16014 

M J 1 6014 


1-781 

MJ16016 

MJ16016 


1-781 

MJ16018 

MJ16018 


1-789 

MJE29 


TIP29* 

1-955 

MJE29A 


TIP29A* 

1-955 

MJE29B 


TIP29B* 

1-955 

MJE29C 


TIP29C* 

1-955 

MJE30 


TIP30* 

1-955 

MJE30A 


TIP30A* 

1-955 

MJE30B 


TIP30B* 

1-955 

MJE30C 


TIP30C* 

1-955 

MJE31 


TIP31* 

1-957 

MJE31A 


TIP31A* 

1-957 

MJE31B 


TIP31B* 

1-957 

MJE31C 


TIP31C* 

1-957 

MJE32 


TIP32* 

1-957 

MJE32A 


TIP32A* 

1-957 

MJE32B 


TIP32B* 

1-957 

MJE32C 


TIP32C* 

1-957 

MJE33 


TIP41 

1-967 

MJE33A 


TIP41A 

1-967 

MJE33B 


TIP41B 

1-967 

MJE33C 


TIP41C 

1-967 

MJE34 


TIP42 

1-967 

MJE34A 


TIP42A 

1-967 

MJE34B 


TIP42B 

1-967 

MJE34C 


TIP42C 

1-967 

MJE41 


TIP41 

1-967 

MJE41A 


TIP41A 

1-967 

MJE41B 


TIP41B 

1-967 

MJE41C 


TIP41C 

1-967 

MJE42 


TIP42 

1-967 

MJE42A 


TIP42A 

1-967 

MJE42B 


TIP42B 

1-967 

MJE42C 


TIP42C 

1-967 

MJE47 


TIP47 

1-971 

MJE48 


TIP48 

1-971 


‘Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

MJE49 


TIP49 

1-971 

MJE51 


2N6497 

1-305 

MJE51T 


2N6497 

1-305 

MJE52 


2N6498 

1-305 

MJE52T 


2N6498 

1-305 

MJE53 


2 N 6499 

1-305 

MJE53T 


2N6499 

1-305 

MJE101 


2N5974 

1-207 

MJE102 


2N5975 

1-207 

MJE103 


2N5976 

1-207 

MJE104 


2N5976 

1-207 

MJE105 

MJE105 


1-795 

MJE105K 


TIP42A 

1-967 

MJE170 

MJE170 


1-797 

MJE171 

MJE171 


1-797 

MJE172 

MJE172 


1-797 

MJE180 

MJE180 


1-797 

MJE181 

MJE181 


1-797 

MJE182 

MJE182 


1-797 

MJE200 

MJE200 


1-801 

MJE201 


2N5977 

1-210 

MJE202 


2N5978 

1-210 

MJE203 


2N5978 

1-210 

MJE204 


2N5979 

1-210 

MJE205 

MJE205 


1-805 

MJE205K 


TIP41A 

1-967 

MJE210 

MJE210 


1-801 

MJE220 


MJE181* 

1-797 

MJE221 


MJE181* 

1-797 

MJE222 


MJE181* 

1-797 

MJE223 


MJE182* 

1-797 

MJE224 


MJE182* 

1-797 

MJE225 


MJE182* 

1-797 

MJE230 


MJE171* 

1-797 

MJE231 


MJE171* 

1-797 

MJE232 


MJE171* 

1-797 

MJE233 


MJE172* 

1-797 

MJE234 


MJE172* 

1-797 

MJE235 


MJE172* 

1-797 

MJE240 

MJE240 


1-807 

MJE241 

MJE241 


1-807 

MJE242 

MJE242 


1-807 

MJE243 

MJE243 


1-807 

MJE244 

MJE244 


1-807 

MJE250 

MJE250 


1-807 

MJE251 

MJE251 


1-807 

MJE252 

MJE252 


1-807 

MJE253 

MJE253 


1-807 

MJE254 

MJE254 


1-807 

MJE270 

MJE270 


1-42 

MJE271 

MJE271 


1-42 

MJE340 

MJE340 


1-811 

MJE340K 


TIP48 

1-971 

MJE341 

MJE341 


1-813 

MJE341K 


TIP47 

1-971 

MJE344 

MJE344 


1-813 

MJE344K 


TIP47 

1-971 

MJE345 


MJE3439 

1-837 

MJE350 

MJE350 


1-815 

MJE370 

MJE370 


1-817 













INDEX CROSS-REFERENCE (Continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

MJE370K 


TIP32 

1-957 

MJE371 

MJE371 


1-819 

MJE371K 


TIP32 

1-957 

MJE482 


2N5190 

1-146 

MJE483 


2N5191 

1-146 

MJE484 


2N5192 

1-146 

MJE488 


2N5191 

1-146 

MJE492 


2N5193 

1-150 

MJE493 


2N5194 

1-150 

MJE494 


2N5195 

1-150 

MJE520 

MJE520 


1-821 

MJE520K 


TIP31 

1-957 

MJE521 

MJE521 


1-42 

MJE521K 


TIP31 

1-957 

MJE700 

MJE700 


1-823 

MJE700T 

MJE700T 


1-823 

MJE701 

MJE701 


1-823 

MJE701T 

MJE701T 


1-823 

MJE702 

MJE702 


1-823 

MJE702T 

MJE702T 


1-823 

MJE703 

MJE703 


1-823 

MJE703T 

MJE703T 


1-823 

MJE710 

MJE710 


1-42 

MJE711 

MJE711 


1-42 

MJE712 

MJE712 


1-42 

MJE720 

MJE720 


1-42 

MJE721 

MJE721 


1-42 

MJE722 

MJE722 


1-42 

MJE800 

MJE800 


1-823 

MJE800T 

MJE800T 


1-823 

MJE801 

MJE801 


1-823 

MJE801T 

MJE801T 


1-823 

MJE802 

MJE802 


1-823 

MJE802T 

MJE802T 


1-823 

MJE803 

MJE803 


1-823 

MJE803T 

MJE803T 


1-823 

MJE1090 

MJE1090 


1-43 

MJE1091 

MJE1091 


1-43 

MJE1092 

MJE1092 


1-43 

MJE1093 

MJE1093 


1-43 

MJE1100 

MJE1100 


1-43 

MJE1101 

MJE1101 


1-43 

MJE1102 

MJE1102 


1-43 

MJE1103 

MJE1103 


1-43 

MJE1290 

MJE1290 


1-827 

MJE1291 

MJE1291 


1-827 

MJE1660 

MJE1660 


1-827 

MJE1661 

MJE1661 


1-827 

MJE2010 


TIP42 

1-967 

MJE2011 


TIP42A 

1-967 

MJE2020 


TIP41 

1-967 

MJE2021 


TIP41A 

1-967 

MJE2050 


MJE200 

1-801 

MJE2055 


MJE3055 

1-833 

MJE2090 


TIP125 

1-982 

MJE2091 


TIP125 

1-982 

MJE2092 


TIP126 

1-982 

MJE2093 


TIP126 

1-982 

MJE2100 


TIP120 

1-982 

MJE2101 


TIP120 

1-982 


'Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

MJE2102 


TIP121 

1-982 

MJE2103 


TIP121 

1-982 

MJE2150 


MJE210 

1-801 

MJE2160 


TIP48 

1-971 

MJE2360 


MJE2360T 

1-829 

MJE2360T 

MJE2360T 


1-829 

MJE2361 


MJE2361T 

1-829 

MJE2361T 

MJE2361T 


1-829 

MJE2370 


TIP32 

1-957 

MJE2371 


TIP32A 

1-957 

MJE2480 


TIP31 

1-957 

MJE2481 


TIP31A 

1-957 

MJE2482 


2N6121 

1-957 

MJE2483 


2N6122 

1-241 

MJE2490 


TIP32 

1-241 

MJE2491 


TIP32A 

1-957 

MJE2520 


TIP31 

1-957 

MJE2521 


TIP31A 

1-957 

MJE2522 


TIP31 

1-957 

MJE2523 


TIP31A 

1-957 

MJE2801 

MJE2801 


1-831 

MJE2801K 


MJE2801T 

1-831 

MJE2801T 

MJE2801T 


1-831 

MJE2901 

MJE2901 


1-831 

MJE2901K 


MJE2901T 

1-831 

MJE2901T 

MJE2901T 


1-831 

MJE2955 

MJE2955 


1-833 

MJE2955K 


MJE2955T 

1-833 

MJE2955T 

MJE2955T 


1-833 

MJE3055 

MJE3055 


1-833 

MJE3055K 


MJE3055T 

1-833 

MJE3055T 

MJE3055T 


1-833 

MJE3300 

MJE3300 


1-835 

MJE3301 

MJE3301 


1-835 

MJE3302 

MJE3302 


1-835 

MJE3310 

MJE3310 


1-835 

MJE3311 

MJE3311 


1-835 

MJE3312 

MJE3312 


1-835 

MJE3370 


MJE370 

1-817 

MJE3371 


2N5193 

1-150 

MJE3439 

MJE3439 


1-837 

MJE3440 

MJE3440 


1-837 

MJE3520 


MJE520 

1-821 

MJE3521 


2N5190 

1-146 

MJE3738 


TIP47 

1-971 

MJE3739 


TIP48 

1-971 

MJE4340 

MJE4340 


1-839 

MJE4341 

MJE4341 


1-839 

MJE4342 

MJE4342 


1-839 

MJE4343 

MJE4343 


1-839 

MJE4350 

MJE4350 


1-839 

MJE4351 

MJE4351 


1-839 

MJE4352 

MJE4352 


1-839 

MJE4353 

MJE4353 


1-839 

MJE4918 


TIP30 

1-955 

MJE4919 


TIP30A 

1-955 

MJE4920 


TIP30B 

1-955 

MJE4921 


TIP29 

1-955 

MJE4922 


TIP29A 

1-955 

MJE4923 


TIP29B 

1-955 


1-24 
















INDEX CROSS-REFERENCE (Continued) 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

MJE5170 

MJE5170 


1-843 

MJE5171 

MJE5171 


1-843 

MJE5172 

MJE5172 


1-843 

MJE5180 

MJE5180 


1-843 

MJE5181 

MJE5181 


1-843 

MJE5182 

MJE5182 


1-843 

MJE5190 


2N6121 

1-241 

MJE5191 


2N6122 

1-241 

MJE5192 


2N6123 

1-241 

MJE5193 


2N6124 

1-241 

MJE5194 


2N6125 

1-241 

MJE5195 


2N6126 

1-241 

MJE5655 


TIP47 

1-971 

MJE5656 


TIP48 

1-971 

MJE5657 


TIP49 

1-971 

MJE5730 

MJE5730 


1-847 

MJE5731 

MJE5731 


1-847 

MJE5732 

MJE5732 


1-847 

MJE5740 

MJE5740 


1-851 

MJE5741 

MJE5741 


1-851 

MJE5742 

MJE5742 


1-851 

MJE5850 

MJE5850 


1-855 

MJE5851 

MJE5851 


1-855 

MJE5852 

MJE5852 


1-855 

MJE5960 


2N6489 

1-301 

MJE5974 


TIP42 

1-967 

MJE5975 


TIP42A 

1-967 

MJE5976 


TIP42B 

1-967 

MJE5977 


TIP41 

1-967 

MJE5978 


TIP41A 

1-967 

MJE5979 


TIP41B 

1-967 

MJE5980 


2N6489 

1-301 

MJE5981 


2N6490 

1-301 

MJE5982 


2N6491 

1-301 

MJE5983 


2N6486 

1-301 

MJE5984 


2N6487 

1-301 

MJE5985 


2N6488 

1-301 

MJE6040 

MJE6040 


1-221 

MJE6041 

MJE6041 


1-221 

MJE6042 

MJE6042 


1-221 

MJE6043 

MJE6043 


1-221 

MJE6044 

MJE6044 


1-221 

MJE6045 

MJE6045 


1-221 

MJE8500 

MJE8500 


1-861 

MJE8501 

MJE8501 


1-861 

MJE8502 

MJE8502 


1-867 

MJE8503 

MJE8503 


1-867 

MJE10011 

MJE10011 


1-51 

MJE12007 

MJE12007 


1-873 

MJE13002 

MJ El 3002 


1-875 

MJE13003 

MJE13003 


1-875 

MJE13004 

MJ El 3004 


1-881 

MJE13005 

MJ El 3005 


1-881 

MJE13006 

MJE13006 


1-887 

MJE13007 

MJE13007 


1-887 

MJE13008 

MJ El 3008 


1-895 

MJ El 3009 

MJE13009 


1-895 

MJE13070 

MJE13070 


1-903 

MJE13071 

MJE13071 


1-903 

MJE15028 

MJ El 5028 


1-909 


‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 
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Replacement 

Page # 

MJ El 5029 

MJ El 5029 


1-909 

MJE15030 

MJ El 5030 


1-909 

MJE15031 

MJE15031 


1-909 

MJE16002 

MJ El 6002 


1-913 

MJE16004 

MJ El 6004 


1-913 

MJH6282 

MJH6282** 


1-45 

MJH6283 

MJH6283** 


1-45 

MJH6284 

MJH6284** 


1-45 

MJH6285 

MJH6285** 


1-45 

MJH6286 

MJH6286** 


1-45 

MJH6287 

MJH6287** 


1-45 

M J H1 1017 

MJH11017** 


1-45 

M J H1 1018 

MJH11018** 


1-45 

MJH11019 

MJH11019** 


1-45 

M J H1 1020 

MJH11020** 


1-45 

M J H1 1021 

MJH11021** 


1-45 

MJH11022 

MJH11022** 


1-45 

MJH12004 

MJ HI 2004 


1-651 

MJH13090 

MJH13090 


1-689 

MJH13091 

MJH13091 


1-689 

MJH16002 

MJH16002 


1-913 

MJH16002A 

MJH16002A 


1-743 

MJH16004 

MJH16004 


1-913 

MJH16006 

MJH16006 


1-750 

MJH16006A 

MJH16006A 


1-758 

MJH16008 

MJH16008 


1-750 

MJ HI 6010 

MJH16010 


1-765 

MJH16010A 

MJH16010A 


1-773 

MJH16012 

MJH16012 


1-765 

MJH16018 

MJH16018 


1-789 

MPC900 


MC1563 & 




2 N 6050 

1-228 

MPC1000 


MC1726 & 




2 N 6077 

1-236 

MPSU01 

MPSU01 


1-921 

MPSU01A 

MPSU01A 


1-921 

MPSU02 

MPSU02 


1-923 

MPSU03 

MPSU03 


1-925 

MPSU04 

MPSU04 


1-925 

MPSU05 

MPSU05 


1-929 

MPSU06 

MPSU06 


1-929 

MPSU07 

MPSU07 


1-931 

MPSU10 

MPSU10 


1-933 

MPSU11 


MPSU10 

1-933 

MPSU12 


MPSU45 

1-939 

MPSU31 

MPSU31 


1-936 

MPSU45 

MPSU45 


1-939 

MPSU47 


MPSU31 

1-936 

MPSU51 

MPSU51 


1-942 

MPSU51A 

MPSU51A 


1-942 

MPSU52 

MPSU52 


1-944 

MPSU55 

MPSU55 


1-946 

MPSU56 

MPSU56 


1-946 

MPSU57 

MPSU57 


1-948 

MPSU60 

MPSU60 


1-950 

MPSU95 

MPSU95 


1-952 

NSD102 


2N6551 

1-326 

NSD103 


2N6551 

1-326 

NSD104 


2N6552 

1-326 

NSD105 


2N6552 

1-326 
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Replacement 
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NSD106 


2N6553 

1-326 

NSD131 


2N6557 

1-333 

NSD132 


2 N 6557 

1-333 

NSD133 


2N6558 

1-333 

NSD134 


2N6558 

1-333 

NSD135 


2N6559 

1-333 

NSD151 


2N6549 

1-323 

NSD152 


2 N 6548 

1-323 

NSD202 


2N6554 

1-330 

NSD203 


2N6554 

1-330 

NSD204 


2N6555 

1-330 

NSD205 


2N6555 

1-330 

NSD206 


2N6556 

1-330 

NSD3439 


MJE3439 

1-837 

NSD3440 


MJE3440 

1-837 

NSDU01 


MPSU01 

1-921 

NSDU01A 


MPSU01A 

1-921 

NSDU05 


MPSU05 

1-929 

NSDU06 


MPSU06 

1-929 

NSDU07 


MPSU07 

1-931 

NSDU45 


MPSU45 

1-939 

NSDU51 


MPSU51 

1-942 

NSDU51A 


MPSU51A 

1-942 

NSDU55 


MPSU55 

1-946 

NSDU56 


MPSU56 

1-946 

NSDU57 


MPSU57 

1-948 

NSE170 


MJE170 

1-797 

NSE171 


MJE171 

1-797 

NSE180 


MJE180 

1-797 

NSE181 


MJE181 

1-797 

NSP41 


TIP41 

1-967 

NSP41A 


TIP41A 

1-967 

NSP41B 


TIP41B 

1-967 

NSP41C 


TIP41C 

1-967 

NSP42 


TIP42 

1-967 

NSP42A 


TIP42A 

1-967 

NSP42B 


TIP42B 

1-967 

NSP42C 


TIP42C 

1-967 

NSP105 


TIP42A 

1-967 

NSP205 


TIP41A 

1-967 

NSP370 


TIP32 

1-957 

NSP371 


TIP32 

1-957 

NSP520 


TIP31 

1-957 

NSP521 


TIP31 

1-957 

NSP575 


TIP29A 

1-955 

NSP576 


TIP30A 

1-955 

NSP577 


TIP29A 

1-955 

NSP578 


TIP30A 

1-955 

NSP579 


TIP29B 

1-955 

NSP580 


TIP30B 

1-955 

NSP581 


TIP29C 

1-955 

NSP582 


TIP30C 

1-955 

NSP585 


TIP29A 

1-955 

NSP586 


TIP30A 

1-955 

NSP587 


TIP29A 

1-955 

NSP588 


TIP30A 

1-955 

NSP589 


TIP29B 

1-955 

NSP590 


TIP30B 

1-955 

NSP595 


TIP31A 

1-957 

NSP596 


TIP32A 

1-957 


‘Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Motorola 

Direct 

Replacement 

Motorola 
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Replacement 

Page # 

NSP597 


TIP31A 

1-957 

NSP598 


TIP32A 

1-957 

NSP599 


TIP31B 

1-957 

NSP600 


TIP32B 

1-957 

NSP695 


TIP120 

1-982 

NSP695A 


TIP100 

1-975 

NSP696 


TIP125 

1-982 

NSP696A 


TIP105 

1-975 

NSP697 


TIP120 

1-982 

NSP697A 


TIP100 

1-975 

NSP698 


TIP125 

1-982 

NSP698A 


TIP105 

1-975 

NSP699 


TIP121 

1-982 

NSP699A 


TIP101 

1-975 

NSP700 


TIP126 

1-982 

NSP700A 


TIP106 

1-975 

NSP701 


TIP122 

1-982 

NSP702 


TIP127 

1-982 

NSP2010 


TIP42 

1-967 

NSP2011 


TIP42A 

1-967 

NSP2021 


TIP41A 

1-967 

NSP2090 


TIP125 

1-982 

NSP2091 


TIP125 

1-982 

NSP2092 


TIP126 

1-982 

NSP2093 


TIP126 

1-982 

NSP2100 


TIP120 

1-982 

NSP2101 


TIP120 

1-982 

NSP2102 


TIP121 

1-982 

NSP2103 


TIP121 

1-982 

NSP2370 


TIP32 

1-957 

NSP2480 


TIP31 

1-957 

NSP2481 


TIP31A 

1-957 

NSP2490 


TIP32 

1-957 

NSP2491 


TIP32A 

1-957 

NSP2520 


TIP31 

1-957 

NSP2955 


MJE2955T 

1-833 

NSP3054 


TIP31A 

1-957 

NSP3055 


MJE3055T 

1-833 

NSP4918 


TIP30 

1-955 

NSP4919 


TIP30A 

1-955 

NSP4920 


TIP30B 

1-955 

NSP4921 


TIP29 

1-955 

NSP4922 


TIP29A 

1-955 

NSP4923 


TIP29B 

1-955 

NSP5190 


2N6121 

1-241 

NSP5191 


2N6122 

1-241 

NSP5192 


2N6123 

1-241 

NSP5193 


2N6124 

1-241 

NSP5194 


2N6125 

1-241 

NSP5195 


2N6126 

1-241 

NSP5974 


TIP42 

1-967 

NSP5975 


TIP42A 

1-967 

NSP5976 


TIP42B 

1-967 

NSP5977 


TIP41 

1-967 

NSP5978 


TIP41A 

1-967 

NSP5979 


TIP41B 

1-967 

NSP5980 


2N6489 

1-301 

NSP5981 


2N6490 

1-301 

NSP5982 


2N6491 

1-301 

NSP5983 

i 

2N6486 ! 

1-301 


1-26 
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NSP5984 


2N6487 

1-301 

NSP5985 


2N6488 

1-301 

PM26K380 


MJ13015 

1-671 

PM27K380 


2N6543 

1-309 

PMD10K-40 


2N6057 

1-228 

PMD10K-60 


2N6057 

1-228 

PMD10K-80 


2N6058 

1-228 

PMD10K-100 


2N6059 

1-228 

PMD1 IK-40 


2N6050 

1-228 

PMD1 IK-60 


2N6050 

1-228 

PMD1 IK-80 


2N6051 

1-228 

PMD11K-100 


2N6052 

1-228 

PMD12K-40 


MJ1000 

1-449 

PMD12K-60 


MJ1000 

1-449 

PMD12K-80 


MJ1001 

1-449 

PMD12K-100 


2N6059 

1-228 

PMD13K-40 


MJ900 

1-449 

PMD13K-60 


MJ900 

1-449 

PMD13K-80 


MJ901 

1-449 

PMD13K-100 


2N6052 

1-228 

PMD16K-40 


2N6282 

1-265 

PMD16K-60 


2N6282 

1-265 

PMD16K-80 


2N6283 

1-265 

PMD16K-100 


2N6284 

1-265 

PMD17K-40 


2N6285 

1-265 

PMD17K-60 


2N6284 

1-265 

PMD17K-80 


2N6286 

1-265 

PMD17K-100 


2N6287 

1-265 

PMD20K-120 


2N6578 

1-340 

PMD25K-120 


2N6578 

1-340 

PMD1600K 


2N6282 

1-265 

PMD1601K 


2N6282 

1-265 

PMD1602K 


2N6283 

1-265 

PMD1603K 


2N6284 

1-265 

PMD1700K 


2N6285 

1-265 

PMD1701K 


2N6285 

1-265 

PMD1702K 


2N6286 

1-265 

PMD1703K 


2N6287 

1-265 

RCA1B01 


2N5878 

1-196 

RCA1B04 


MJ15022 

1-725 

RCA1B05 


MJ15024 

1-725 

RCA1B06 


MJ15003 

1-720 

RCA1B09 


MJ15024 

1-725 

RCA1C03 


MJ El 5028 

1-909 

RCA1C04 


MJE15029 

1-909 

RCA1C05 


2N6130 

1-47 

RCA1C06 


2N6133 

1-47 

RCA1C07 


MJE3055T 

1-833 

RCA1C08 


MJE2955T 

1-833 

RCA1C09 


MJE3055T 

1-833 

RCA1C10 


2N6292 

1-238 

RCA1C11 


2N6107 

1-238 

RCA1C12 


MJ El 5028 

1-909 

RCA1C13 


MJ El 5029 

1-909 

RCA1C14 


2N6290 

1-238 

RCA1C15 


2N6388 

1-293 

RCA1C16 


2N6668 

1-351 

RCA1E02 


2N3583 

1-76 

RCA1E03 


2N6420 

1-76 

RCA29 


TIP29 

1-955 


‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 
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Direct 
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Motorola 
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Page # 

RCA29A 


TIP29A 

1-955 

RCA29B 


TIP29B 

1-955 

RCA29C 


TIP29C 

1-955 

RCA30 


TIP30 

1-955 

RCA30A 


TIP30A 

1-955 

RCA30B 


TIP30B 

1-955 

RCA30C 


TIP30C 

1-955 

RCA31 


TIP31 

1-957 

RCA31A 


TIP31A 

1-957 

RCA31B 


TIP31B 

1-957 

RCA31C 


TIP31C 

1-957 

RCA32 


TIP32 

1-957 

RCA32A 


TIP32A 

1-957 

RCA32B 


TIP32B 

1-957 

RCA32C 


TIP32C 

1-957 

RCA41 


TIP41 

1-967 

RCA41A 


TIP41A 

1-967 

RCA41B 


TIP41B 

1-967 

RCA41C 


TIP41C 

1-967 

RCA42 


TIP42 

1-967 

RCA42A 


TIP42A 

1-967 

RCA42B 


TIP42B 

1-967 

RCA42C 


TIP42C 

1-967 

RCA120 


TIP120 

1-982 

RCA121 


TIP121 

1-982 

RCA122 


TIP122 

1-982 

RCA125 


TIP125 

1-982 

RCA126 


TIP126 

1-982 

RCA410 


MJ410 

1-443 

RCA411 


MJ411 

1-443 

RCA413 


MJ413 

1-445 

RCA423 


MJ423 

1-445 

RCA431 


MJ431 

1-445 

RCA1000 


MJ1000 

1-449 

RCA1001 


MJ1001 

1-449 

RCA3054 


2N6122 

1-241 

RCA3055 


2N6487 

1-301 

RCA3441 


MJE15030 

1-909 

RCA6263 


MJE15030 

1-909 

RCA8203 


2N6666 

1-351 

RCA8203A 


2N6667 

1-351 

RCA8203B 


2N6668 

1-351 

RCA8350 


2N6648 

1-289 

RCA8350A 


2N6649 

1-289 

RCA8350B 


2N6650 

1-289 

RCA8766 


MJ10002 

1-501 

RCA8766A 


MJ10002 

1-501 

RCA8766B 


MJ10003 

1-501 

RCA8766C 


MJ10003 

1-501 

RCA8766D 


MJ10003 

1-501 

RCA8766E 


MJ10003 

1-501 

RCA8767 


2N6546 

1-319 

RCA8767A 


2N6547 

1-319 

RCA8767B 


2N6547 

1-319 

RCA9113 


2N6546 

1-319 

RCA9113A 


2N6547 

1-319 

RCA9113B 


2N6547 

1-319 

RCP111A 


2N6557 

1-333 

RCP111B 


2N6557 

1-333 

RCP111C 


2N6558 

1-333 
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RCP111D 


2N6559 

1-333 

RCP113A 


2N6557 

1-333 

RCP113B 


2N6557 

1-333 

RCP113C 


2N6558 

1-333 

RCP113D 


2N6559 

1-333 

RCP115 


2N6591 

1-343 

RCP115B 


2N6557 

1-333 

RCP117 


2N6591 

1-343 

RCP117B 


2N6557 

1-333 

RCP131A 


2N6592 

1-343 

RCP131B 


2N6593 

1-343 

RCP131C 


2N6558 

1-333 

RCP131D 


2N6559 

1-333 

RCP133A 


2N6592 

1-343 

RCP133B 


2N6593 

1-343 

RCP133C 


2N6558 

1-333 

RCP133D 


2N6559 

1-333 

RCP135 


2N6553 

1-326 

RCP135B 


2N6557 

1-333 

RCP137 


2N6553 

1-326 

RCP137B 


2N6557 

1-333 

RCS579 


2N6306 

1-274 

RCS617 


2N5882 

1-199 

RCS618 


2N5880 

1-199 

S DM6000 


MJ10012 

1-527 

SDM6001 


MJ10012 

1-527 

S DM6002 


MJ1Q012 

1-527 

S DM6003 


MJ10012 

1-527 

SDM20301 


MJ4033 

1-461 

SDM20302 


MJ4033 

1-461 

SDM20303 


MJ4034 

1-461 

S DM20304 


MJ4035 

1-461 

SDM20311 


MJ4033 

1-461 

SDM20312 


MJ4033 

1-461 

SDM20313 


MJ4034 

1-461 

SDM20314 


MJ4035 

1-461 

SDM20321 


MJ4033 

1-461 

S DM20322 


MJ4033 

1-461 

SDM20323 


MJ4034 

1-461 

S DM20324 


MJ4035 

1-461 

SDM21301 


MJ4030 

1-461 

SDM21302 


MJ4030 

1-461 

SDM21303 


MJ4031 

1-461 

SDM21304 


MJ4032 

1-461 

SDM21311 


MJ4030 

1-461 

SDM21312 


MJ4030 

1-461 

SDM21313 


MJ4031 

1-461 

SDM21314 


MJ4032 

1-461 

SDN1010 


2N6056 

1-232 

SDN1020 


MJ3001 

1-451 

SDN4040 


MJ10000 

1-495 

SDN4045 


MJ10000 

1-495 

SDN6000 


MJ10000 

1-495 

SDN6001 


MJ10000 

1-495 

SDN6002 


MJ10001 

1-495 

SDN6060 


MJ10000 

1-495 

SDN6061 


MJ10000 

1-495 

SDN6062 


MJ10000 

1-495 

SDN6251 


MJ10002 

1-501 

SDN6552 


MJ10002 

1-501 


‘Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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Page # 

SDN6253 


MJ10003 

1-501 

SDT7A01 


2N5428 

1-170 

SDT7A02 


2N5428 

1-170 

SDT7A03 


2N5428 

1-170 

SDT7A08 


2N5427 

1-170 

SDT7A09 


2N5427 

1-170 

SDT401 


2N6543 

1-309 

SDT402 


2N6543 

1-309 

SDT410 


MJ410 

1-443 

SDT411 


MJ411 

1-443 

SDT413 


MJ413 

1-445 



MJ423 

1-445 

SDT424 


2N6308 

1-274 

SDT425 


2N6545 

1-315 



2N6307 

1-274 

SDT431 


MJ431 

1-445 



2N6306 

1-274 

SDT521 


2N6306 

1-274 

SDT522 


2N6306 

1-274 

SDT525 


2N6306 

1-274 

SDT526 


2N6306 

1-274 

SDT527 


2N6306 

1-274 

SDT530 


2N6306 

1-274 

SDT531 


2IM6306 

1-274 

SDT532 


2N6306 

1-274 

SDT535 


2N6306 

1-274 

SDT536 


2N6307 

1-274 

SDT537 


2N6307 

1-274 

SDT540 


2N6307 

1-274 

SDT541 


2N6307 

1-274 

SDT542 


2N6307 

1-274 

SDT545 


2N6308 

1-274 

SDT546 


2N6308 

1-274 

SDT547 


2N6308 

1-274 

SDT550 


2N6308 

1-274 

SDT551 


2N6308 

1-274 

SDT552 


2 N 6308 

1-274 

SDT707 


2N5427 

1-170 

SDT1050 


2N5838 

1-193 

SDT1051 


2N5840 

1-193 

S DTI 052 


2N6543 

1-309 

S DTI 053 


2N6543 

1-309 

SDT1054 


2N6543 

1-309 

S DTI 055 


2N5838 

1-193 

SDT1056 


2N3902 

1-116 

S DTI 057 


2N6545 

1-315 

SDT1058 


2N6545 

1-315 

S DTI 059 


2N6545 

1-315 

S DTI 060 


2 N 5838 

1-193 

SDT1061 


2N3902 

1-116 

S DTI 062 


2N6545 

1-315 

S DTI 063 


2N6545 

1-315 

S DTI 064 


2N6545 

1-315 

SDT1301 


2N6235 

1-254 

S DTI 302 


2N6235 

1-254 

S DTI 303 


2N6235 

1-254 

S DTI 304 


2N6235 

1-254 

SDT3125 


2N6186 

1-245 

SDT3126 


2N6186 

1-245 

SDT3321 


MJ8100 

1-475 


1-28 
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SDT3322 


MJ8100 

1-475 

SDT3323 


2N6190 

1-248 

SDT3324 


2N6192 

1-248 

SDT3325 


MJ8100 

1-475 

SDT3326 


MJ8100 

1-475 

SDT3327 


2N6190 

1-248 

SDT3328 


2N6192 

1-248 

SDT3401 


2N5347 


SDT3402 


2N5347 

1-166 

SDT3403 


2N5347 

1-166 

SDT3404 


2IM5349 

1-166 

SDT3405 


2N5347 

1-166 

SDT3406 


2N5347 


SDT3407 


2N5347 

■Bl« 

SDT3408 


2N5349 

1-166 

SDT3421 


2N5337 

1-158 

SDT3422 


2N5337 

1-158 

SDT3423 


2N5336 

1-158 

SDT3424 


2N5338 

1-158 

SDT3425 


2N5337 

1-158 

SDT3426 



1-158 

SDT3427 



1-158 

SDT3428 


2 N 5338 

1-158 

SDT3501 


2N3719 

1-88 

SDT3502 



1-88 

SDT3503 


2N6303 

1-88 

SDT3504 


2N6192 

1-248 

SDT3505 


2N3867 

1-88 

SDT3506 


2N3868 

1-88 

SDT3507 


2N6303 

1-88 

SDT3508 


2N6193 

1-248 

SDT3775 



1-88 

SDT3776 


2N3868 

1-88 

SDT3777 



1-88 

SDT3778 


2N3867 

1-88 

SDT4451 


2N5337 

1-158 

SDT4452 


2N5336 

1-158 

SDT4453 


2N5337 

1-158 

SDT4454 


2 N 5336 

1-158 

SDT4455 



1-158 

SDT4456 


2N5337 

1-158 

SDT4483 


2N5337 

1-158 

SDT4901 



1-76 

SDT4902 


2N6233 

1-254 

SDT4903 


2N6234 

1-254 

SDT4904 



1-76 

SDT4905 



1-76 

SDT5101 


TIP41A 

1-967 

SDT5102 


TIP41A 

1-967 

SDT5103 


TIP41A 

1-967 

SDT5111 


TIP42A 

1-967 

SDT5112 


TIP42A 

1-967 

SDT5113 


TIP42A 

1-967 

SDT5501 


2N5337 

1-158 

SDT5502 


2N5337 

1-158 

SDT5503 


2N5337 

1-158 

SDT5504 


2N5539 

1-285 

SDT5506 


2N5337 

1-158 

SDT5507 


2N5337 

1-158 

SDT5508 


2 N 5336 

1-158 


^Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 


Industry 

Part Number 

Motorola . 
Direct 

Replacement 

Motorola 

Similar 

Replacement 

H 

SDT5509 


2N5338 

1-158 

SDT5511 


2N5337 

1-158 

SDT5512 


2N5337 

1-158 

SDT5513 


2 N 5337 

1-158 

SDT5514 


2N5339 

1*158. 

SDT5901 


2N3766 

1-100 

SDT5902 


2N3766 

1-100 

SDT5903 


2N3767 

1-100 

SDT5904 


2N5050 

1-144 

SDT5905 


2N5050 

1-144 

SDT5906 


2N3766 

1-100 

SDT5907 


2N3766 

1-100 

SDT5908 


2N3767 

1-100 

SDT5909 


2 N 5050 

1-144 

SDT5910 


2N5050 

1-144 

SDT5911 


2N5427 

1-170 

SDT5912 


2N5427 

1-170 

SDT5913 


2N5427 

1-170 

SDT5914 


2N5429 

1-170 

SDT5951 


2N5051 

1-144 

SDT5952 


2N3583 

1-76 

SDT5953 


2N5052 

1-144 

SDT5954 


2N5051 

1-144 

SDT5955 


2N3583 

1-76 

SDT5956 


2N5052 

1-144 

SDT6308 


2N5347 

1-166 

SDT6309 


2N5347 

1-166 

SDT6310 


2N5347 

1-166 

SDT6311 


2N5347 

1-166 

SDT6312 


2N5347 

1-166 

SDT6313 


2N5347 

1-166 

SDT6314 


2N5347 

1-166 

SDT6315 


2N5347 

1-166 

SDT6316 


2N5347 

1-166 

SDT6408 


2N5347 

1-166 

SDT6409 


2N5347 

1-166 

SDT6410 


2N5347 

1-166 

SDT6411 


2N5347 

1-166 

SDT6412 


2N5347 

1-166 

SDT6413 


2 N 5347 

1-166 

SDT6414 


2N5347 

1-166 

SDT6415 


2N5347 

1-166 

SDT6416 


2N5347 

1-166 

SDT6901 


2N5050 

1-144 

SDT6902 


2N5051 

1-144 

SDT6903 


2N5052 

1-144 

SDT6904 


2N5052 

1-144 

SDT7201 


2N6306 

1-274 

SDT7202 


2N6306 

1-274 

SDT7203 


2N6306 

1-274 

SDT7204 


2N6307 

1-274 

SDT7205 


2N6308 

1-274 

SDT7206 


2N6341 

1-282 

SDT7207 


2N6306 

1-274 

SDT7208 


2N6306 

1-274 

SDT7209 


2N6307 

1-274 

SDT7603 


2N6338 

1-282 

SDT7604 


2N6339 

1-282 

SDT7605 


2N6341 

1-282 

SDT7609 


2N6338 

1-282 
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Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

SDT7610 


2N6339 

1-282 

SDT7611 


2N6341 

1-282 

SDT7612 


2N6249 

1-257 

SDT7731 


2N5881 

1-199 

SDT7732 


2N5881 

1-199 

SDT7733 


2N5882 

1-199 

SDT7734 


2N5629 

1-174 

SDT7735 


2N5630 

1-174 

SDT7736 


2N5631 

1-174 

SDT9201 


2N6569 

1-336 

SDT9202 


2N5878 

1-196 

SDT9203 


2N5632 

1-178 

SDT9204 


2N5633 

1-178 

SDT9205 


2N6569 

1-336 

SDT9206 


2N3055 

1-62 

SDT9207 


2N5878 

1-196 

SDT9208 


2N5632 

1-178 

SDT9209 


2 N 5633 

1-178 

SDT9210 


2N6569 

1-336 

SDT9301 


2N4231A 

1-120 

SDT9302 


2N4232A 

1-120 

SDT9303 


2N4233A 

1-120 

SDT9304 


2N4231A 

1-120 

SDT9305 


2N4232A 

1-120 

SDT9306 


2N4233A 

1-120 

SDT9307 


2N3713 

1-82 

SDT9308 


2N3715 

1-82 

SDT9309 


2N3716 

1-82 

SDT9701 


2N5303 

1-154 

SDT9702 


2N5629 

1-174 

SDT9703 


2N5630 

1-174 

SDT9704 


2N5882 

1-199 

SDT9705 


2N5629 

1-174 

SDT9706 


2N5630 

1-174 

SDT9707 


2N3055 

1-62 

SDT12301 


2N5039 

1-142 

S DTI 2302 


2N5347 

1-166 

SDT12303 


2N5347 

1-166 

S DTI 2305 


2N5347 

1-166 

S DTI 2306 


2N5347 

1-166 

S DTI 2307 


2N5347 

1-166 

SDT13301 


2N6546 

1-319 

SDT13302 


2N6547 

1-319 

S DTI 3303 


2N6547 

1-319 

SDT13304 


MJ13091 

1-689 

S DTI 3305 


MJ13091 

1-689 

SDTB01 


2 N 5346 

1-166 

SDTB02 


2 N 5346 

1-166 

SDTB03 


2N5348 

1-166 

SDTB05 


2N5346 

1-166 

SDTB06 


2N5346 

1-166 

SDTB07 


2N5346 

1-166 

SE9300 

SE9300 


1-47 

SE9301 

SE930T 


1-47 

SE9302 

SE9302 


1-47 

SE9303 


MJ1000 

1-449 

SE9304 


MJ1001 

1-449 

SE9306 


MJ4032 

' 1-461 

SE9307 


MJ4034 

1-461 

SE9308 


MJ4035 

1-461 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

SE9331 


2N3739 

1-93 

SE9400 

SE9400 


1-47 

SE9401 

SE9401 


1-47 

SE9402 

SE9402 


1-47 

SE9403 


MJ900 

1-449 

SE9404 


MJ901 

1-449 

SE9406 


MJ4030 

1-461 

SE9407 


MJ4031 

1-461 

SE9408 


MJ4032 

1-461 

SV7056 


2N6558 

1-333 

SVT100-5C 


2N5632 

1-178 

SVT200-5C 


2N6306 

1-274 

SVT200-10 


2 N 6306 

1-274 

SVT200-10C 


MJ15Q22 

1-725 

SVT250-3C 


2N5838 

1-193 

SVT250-5 


2N5838 

1-193 

SVT250-5C 


2N6306 

1-274 

SVT250-10 


2N6306 

1-274 

SVT250-10C 


MJ15024 

1-725 

SVT300-3C 


2N6307 

1-274 

SVT300-5 


2N6542 

1-309 

SVT300-5C 


2N6307 

1-274 

SVT300-10 


2N6307 

1-274 

SVT300-10C 


MJ13090 

1-689 

SVT350-3 


2N6545 

1-315 

SVT350-3C 


2N6308 

1-274 

SVT350-5 


2N5840 

1-193 

SVT350-5C 


MJ13080 

1-683 

SVT350-12 


2N6547 

1-319 

SVT400-3 


2N6545 

1-315 

SVT400-3C 


2N6543 

1-309 

SVT400-5 


2N6543 

1-309 

SVT400-5C 


2N6545 

1-315 

SVT400-12 


MJ13090 

1-689 

SVT450-3 


2N6545 

1-315 

SVT450-3C 


MJ13334 

1-707 

SVT450-5 


2N6543 

1-309 

SVT450-5C 


MJ13080 

1-683 

SVT6000 


MJ 10004 

1-507 

SVT6001 


MJ10004 

1-507 

SVT6002 


MJ10005 

1-507 

SVT6060 


MJ10004 

1-507 

SVT6061 


MJ10004 

1-507 

SVT6062 


MJ10005 

1-507 

SVT6251 


MJ10006 

1-513 

SVT6252 


MJ10006 

1-513 

SVT6253 


MJ10007 

1-513 

SVT6546 


MJ13090 

1-689 

SVT6547 


MJ 13090 

1-689 

SVT7520 


2N6543 

.1-309 

SVT7521 


2N6543 

1-309 

SVT7522 


MJ13335 

1-707 

SVT7523 


2N6308 

*1-274 

SVT7524 


2N6543 

1-309 

SVT7525 


MJ13334 

1-707 

SVT7530 


MJ13081 

1-683 

SVT7531 


MJ13080 

1-683 

SVT7532 


MJ16004 

1-735 

SVT7533 


MJ13080 

1-683 

SVT7534 


MJ13080 

1-683 


'Consult factory if a direct replacement is necessary. 
"To be introduced. Contact factory for Data Sheet. 
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Motorola 

Direct 
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Motorola 
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Replacement 

Page # 

SVT7535 


MJ16004 

1-735 

SVT7540 


MJ16008 

1-750 

SVT7541 


MJ16008 

1-750 

SVT7542 


MJ16008 

1-750 

SVT7543 


MJ13080 

1-683 

SVT7544 


MJ13080 

1-683 

SVT7545 


MJ 16008 

1-750 

SVT7550 


MJ13091 

1-689 

SVT7551 


MJ16010 

1-765 

SVT7552 


MJ16010 

1-765 

SVT7553 


MJ13090 

1-689 

SVT7554 


MJ13091 

1-689 

SVT7555 


MJ16010 

1-765 

SVT7560 


MJ13091 

1-689 

SVT7561 


MJ16012 

1-765 

SVT7563 


MJ13090 

1-689 

SVT7564 


MJ13090 

1-689 

SVT7565 


MJ13090 

1-689 

SVT7570 


MJ13091 

1-689 

SVT7571 


MJ16012 

1-765 

SVT7573 


MJ13090 

1-689 

SVT7574 


MJ13090 

1-689 

SVT7575 


MJ16012 

1-765 

TIP29 

TIP29 


1-955 

TIP29A 

TIP29A 


1-955 

TIP29B 

TIP29B 


1-955 

TIP29C 

TIP29C 


1-955 

TIP29D 

TIP29D 


1-46 

TIP29E 

TIP29E 


1-46 

TIP29F 

TIP29F 


1-46 

TIP30 

TIP30 


1-955 

TIP30A 

TIP30A 


1-955 

TIP30B 

TIP30B 


1-955 

TIP30C 

TIP30C 


1-955 

TIP30D 

TIP30D 


1-46 

TIP30E 

TIP30E 


1-46 

TIP30F 

TIP30F 


1-46 

TIP31 

TIP31 


1-957 

TIP31A 

TIP31A 


1-957 

TIP31B 

TIP31B 


1-957 

TIP31C 

TIP31C 


1-957 

TIP31D 

TIP31D 


1-46 

TIP31E 

TIP31E 


1-46 

TIP31F 

TIP31F 


1-46 

TIP32 

TIP32 


1-957 

TIP32A 

TIP32A 


1-957 

TIP32B 

TIP32B 


1-957 

TIP32C 

TIP32C 


1-957 

TIP32D 

TIP32D 


1-46 

TIP32E 

TIP32E 


1-46 

TIP32F 

TIP32F 


1-46 

TIP33 

TIP33 


1-961 

TIP33A 

TIP33A 


1-961 

TIP33B 

TIP33B 


1-961 

TIP33C 

TIP33C 


1-961 

TIP34 

TIP34 


1-961 

TIP34A 

TIP34A 


1-961 

TIP34B 

TIP34B 


1-961 

TIP34C 

TIP34C 


1-961 

TIP35 

TIP35 


1-963 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

TIP35A 

TIP35A 


1-963 

TIP35B 

TIP35B 


1-963 

TIP35C 

TIP35C 


1-963 

TIP35D 

* 


— 

TIP35E 

* 


— 

TIP35F 

* 


— 

TIP36 

TIP36 


1-963 

TIP36A 

TIP36A 


1-963 

TIP36B 

TIP36B 


1-963 

TIP36C 

TIP36C 


1-963 

TIP36D 

* 


_ 

TIP36E 

* 


— 

TIP36F 

* 


— 

TIP41 

TIP41 


1-967 

TIP41A 

TIP41A 


1-967 

TIP41B 

TIP41B 


1-967 

TIP41C 

TIP41C 


1-967 

TIP41D 

TIP41D 


1-47 

TIP41E 

TIP41E 


1-47 

TIP41F 

TIP41F 


1-47 

TIP42 

TIP42 


1-967 

TIP42A 

TIP42A 


1-967 

TIP42B 

TIP42B 


1-967 

TIP42C 

TIP42C 


1-967 

TIP42D 

TIP42D 


1-47 

TIP42E 

TIP42E 


1-47 

TIP42F 

TIP42F 


1-47 

TIP47 

TIP47 


1-971 

TIP48 

TIP48 


1-971 

TIP49 

TIP49 


1-971 

TIP50 

TIP50 


1-46 

TIP61 

TIP61 


1-46 

TIP61A 

TIP61A 


1-46 

TIP61B 

TIP61B 


1-46 

TIP61C 

TIP61C 


1-46 

TIP62 

TIP62 


1-46 

TIP62A 

TIP62A 


1-46 

TIP62B 

TIP62B 


1-46 

TIP62C 

TIP62C 


1-46 

TIP63 

TIP47 


1-971 

TIP64 

TIP48 


1-971 

TIP73 


2N6486 

1-301 

TIP73A 


2N6487 

1-301 

TIP73B 


2N6488 

1-301 

TIP74 


2N6489 

1-301 

TIP74A 


2 N 6490 

1-301 

TIP74B 


2N6491 

1-301 

TIP75 


MJ El 3005 

1-881 

TIP75A 


MJE13004 

1-881 

TIP75B 


MJ El 3004 

1-881 

TIP75C 


MJ El 3005 

1-881 

TIP100 

TIPI 00 


1-975 

TIP101 

TIP101 


1-975 

TIP102 

TIP102 


1-975 

TIPI 05 

TIPI 05 


1-975 

TIP106 

TIP106 


1-975 

TIP107 

TIPI 07 


1-975 

TIP110 

TIP1 10 


1-979 

TIP1 1 1 

TIP1 1 1 


1-979 

TIPI 12 

TIP1 12 


1-979 


^Consult factory if a direct replacement is necessary. 
**To be introduced. Contact factory for Data Sheet. 
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TIP1 15 

TIP1 15 


1-979 

TIP1 16 

TIP1 16 


1-979 

TIP1 17 

TIP1 17 


1-979 

TIP120 

TIP120 


1-982 

TIP121 

TIP121 


1-982 

TIP122 

TIP122 


1-982 

TIP125 

TIP125 


1-982 

TIP126 

TIP126 


1-982 

TIP127 

TIP127 


1-982 

TIP140 

TIPI 40 


1-986 

TIP140T 

TIP140T 


1-47 

TIP141 

TIP141 


1-986 

TIP141T 

TIP141T 


1-47 

TIP142 

TIPI 42 


1-986 

TIP142T 

TIP142T 


1-47 

TIP145 

TIP145 


1-986 

TIP145T 

TIP145T 


1-47 

TIP146 

TIPI 46 


1-986 

TIP146T 

TIP146T 


1-47 

TIP147 

TIPI 47 


1-986 

TIP147T 

TIP147T 


1-47 

TIP150 


MJ El 3006 

1-887 

TIP151 


MJ El 3007 

1-887 

TIP152 


MJ El 3007 

1-887 

TIP160 


MJE5740 

1-851 

TIPI 61 


MJE5741 

1-851 

TIP162 


MJE5742 

1-851 

TIP510 


MJ4248 

1-457 

TIP511 


MJ4247 

1-457 

TIP512 


MJ4248 

1-457 

TIP513 


MJ15012 

1-723 

TIP514 


MJ3238 

1-457 

TIP517 


2N6339 

1-282 

TIP518 


2N6341 

1-282 

TIP519 


MJ4238 

1-457 

TIP520 


MJ4238 

1-457 

TIP521 


2N6211 

1-251 

TIP522 


2N6211 

1-251 

TIP523 


MJ15012 

1-723 

TIP524 


2N6497 

1-305 

TIP525 


MJ15011 

1-723 

TIP526 


MJ15011 

1-723 

TIP527 


MJ15012 

1-723 

TIP528 


MJ15012 

1-723 

TIP536 


MJ16006 

1-750 

TIP545 


2N6227 

1-189 

TIP546 


2N6228 

1-189 

TIP550 


MJ 12002 

1-644 

TIP551 


MJ12003 

1-649 

TIP552 


MJ12004 

1-651 

TIP553 


MJ12004 

1-651 

TIP554 


MJ13080 

1-683 

TIP555 


MJ 13080 

1-683 

TIP556 


MJ13080 

1-683 

TIP558 


MJ16006 

1-750 

TIP559 


MJ16006 

1-750 

TIP560 


MJ16006 

1-750 

TIP562 


MJ16012 

1-765 

TIP563 

f 

MJ16012 

1-765 

TIP564 


MJ11018 

1-638 


Industry 

Part Number 

Motorola 

Direct 

Replacement 

Motorola 

Similar 

Replacement 

Page # 

TIP565 


MJ10009 

1-519 

TIP575 


MJ13080 

1-683 

TIP575A 


MJ13080 

1-683 

TIP575B 


MJ13080 

1-683 

TIP575C 


MJ13O80 

1-683 



TIPI 00 

1-975 



TIP101 

1-975 



TIP102 

1-975 

TIP605 


TIP105 

1-975 

TIP606 


TIP106 

1-975 



TIP107 

1-975 



TIP120 

1-982 

TIP621 


TIP121 

1-982 

TIP622 


TIP122 

1-982 

TIP625 


TIP125 

1-982 



TIP126 

1-982 

TIP627 


TIP127 

1-982 



2N6384 

1-289 

TIP641 


2N6385 

1-289 1 

TIP645 


2N6649 

1-289 

TIP646 


2N6650 

1-289 



MJ10002 

1-501 

TIP661 


MJ10002 

1-501 

TIP662 


MJ10003 

1-501 

TIP663 


MJ10001 

1-495 

TIP664 


MJ10008 

1-519 

TIP665 


MJ10009 

1-519 

TIP666 


MJ10002 

1-501 

TIP667 


MJ10003 

1-501 

TIP668 


MJ10013 

1-531 

TIP701 


MJ13080 

1-683 

TIP702 


MJ13081 

1-683 

TIP2955 


MJE2955T 

1-990 

TIP3055 


MJE3055T 

1-990 

TIPL751 


MJ13070 

1-677 

TIPL751A 


MJ13071 

1-677 

TIPL752 


MJ13080 

1-683 

TIPL752A 


MJ13080 

1-683 

TIPL753 


MJ13080 

1-683 

TIPL753A 


MJ13080 

1-683 

TIPL755 


MJ13090 

1-689 

TIPL755A 


MJ13091 

1-689 

TIPL757 


MJ13100 

1-695 

TIPL757A 


MJ13101 

1-695 

TIPL760 


MJE13070 

1-903 

TIPL760A 


MJ El 3071 

1-903 

TIPL774 


MJ10009 

1-519 

TIPL775 


MJ11018 

1-638 

TIPL775A 


MJ11020 

1-638 

UMT1008 


MJ13014 

1-671 

UMT1009 


MJ13015 

1-671 

UMT1203 


MJ El 3004 

1-881 

UMT1204 


MJ El 3005 

1-881 

WT5100 


MJ13015 

1-671 

WT5200 


2N6547 

1-319 


‘Consult factory if a direct replacement is necessary. 
“To be introduced. Contact factory for Data Sheet. 
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POWER ^ 
TRANSISTORS 


Selector Guide 


Contents 


The selector guides on the subsequent pages 
offer a quick “first-selection” capability for devices 
that fit specific applications categories. 

Because designers have different application pre- 
requisite, the devices are categorized in three ways: 

1. by package 

2. by major product category 

3. by major applications 

In each case, pertinent electrical characteristics 
are supplied to permit rapid comparison of poten- 
tially suitable devices. 


Page 

Standard Device Selection by Package 1-34 


TO-204AA 1-35 

TO-5 1-38 

TO-39 1-39 

TO-59 1-40 

TO-66 1-41 

TO-126 1-42 

TO-127 1-43 

Case 152 1-43 

TO-202AC 1-44 

TO-218 1-45 

TO-220AB 1-46 

MO-040AA 1-48 

Military Qualified 1-49 

Power Darlingtons 1-51 

Power Switching (<200 Volts) 1-53 

SWITCHMODE (>200 Volts) 1-54 
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SELECTION BY PACKAGE 

Motorola power transistors are available in a wide variety of metal and 
plastic packages to match thermal, electrical and cost requirements. The 
following table compares the basic packages from the standpoint of 
current, voltage and power capabilities. The devices available in the 
various packages are tabulated on the succeeding pages. 



Vce Range 
(Volts) 

Pd 

(Watts) 

Page 

40-1500 

36-300 

35 

40-1500 

36-300 

35 

40-800 

6.0 

38 

40-400 

5-10 

39 

60-100 

60 

40 

40-325 

20-90 

41 

25-400 

12.5-40 

42 

40-100 

65-100 

43 

30-300 

10 

43 

30-350 

6.25-12.5 

44 

40-800 

80-150 

45 

30-800 

15-125 

46 

200-850 

500 

48 

250-850 

250 

48 


CASE 353 25-100 


SELECTION BY FUNCTION 

Page 

Military Qualified Power Transistors 49 

Power Darlingtons, for applications requiring high gain 51 

Low-Voltage Power Switching Transistors (>200 Volts) 53 

Switchmode Power Transistors (<200 Volts) 54 
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1.2 


TO-204AA (Formerly TO-3)/TO-204AE (Type) 



CASE 11-01, 11-3 — 40 mil pins 
CASE 1-04, 1-05 — 40 mil pins 
MODIFIED TO-3 

STYLE 1. 

PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 




CASE 197-01 — 60 mil pins 






mm 

Resistive Switching 








t s 

tf 


fT 

Pd (Case) 

IcCont 

VCEO(sus) 

Device Type 

h F E 


ms 

MS 

@ ic 

MHz 

Watts 

Amps Max 

Volts Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

2.5 

700 

MJ8500 


7.5 min 

0 5 

4 

2 

1 


125 


800 

MJ8501 


7.5 min 

0.5 

4 

2 

1 


125 


1300* 

BU204 


2 min 

mm 


0 75 typ 

2 


36 


1400* 

MJ205 





1 

2 


110 


1500* 

BU205 


2 min 

H 

2 

0 75 typ 

2 


36 



MJ120O2 


1.11 min 



1 

2 


75 

3 


2N5838 


8/40 

53 

1 typ 

0 4 typ 

mm 


100 



2N5839 


10/50 

m 

1 typ 

0.4 typ 

n 


100 


350 

2N5840 


10/50 

mam 

1 typ 

0 4 typ 

— 


100 

3.5 

325 

2N3902 



1 

1.2 typ- 

0.1 typ 

im 

28 

100 

4 

1500* 

MJ12003 


2 5 min 

3 


1 

3 


100 

5 

120 

2N4347 


15/60 

2 





100 


200 

MJ410 


30/90 

1 




2 5 

100 


250 

MJ3029 


30 min 

0.4 


1 

3 


125 


300 

MJ411 


30/90 

1 




2 5- 

100 



2N6542 


7/35 

3 

4 

08 

3 

6 

100 


325 

MJ3030 


3 75 min 

3 


1 

3 


125 


400 

2N6543 


7/35 

3 

4 

08 

3 

6 

100 



MJ13070 


8 min 

3 

1.5 

05 

3 


125 


450 

MJ13071 


8 min 

3 

1.5 

0.5 

3 


125 



MJ16002 


5 min 

5 

3 

0.3 

3 


125 



MJ16004 


7 min 

5 

2 7 

0.35 . 

3 


125 



2N6834 


10/30 

3 

2 7 

0 35 

3 

15 

125 


500 

MJ16002A 


5.0 min 

50 

30 

03 

3 0 


125 


700 

MJ8502 


7.5 min 

1 

4 

2 

2 5 


150 


800 

MJ8503 


7 5 min 

1 

4 

2 

2.5 


150 


850* 

MJ12020 


5 0 min 

5 0 


0 13 typ 

30 

15 

125 


1300* 

BU207 


2 25 min 

4.5 


0 6 typ 

4.5 

4 typ 

60 


1500* 

BU208 


2.25 min 

45 


0 6 typ 

4 5 

4 typ 

60 



BU208Df 


2 25 min 

4.5 


0 6 typ 

45 

4 typ 

60 



MJ12004 


2.5 min 

4.5 


1 

4 5 

4 

100 

6 

100 

2N5758 

2N6226 

25/100 

3 

0 7 typ 

0.5 typ 

3 

1 

150 


120 

2N5759 

2N6227 

20/80 

3 

0 7 typ 

0.5 typ 

3 

1 

150 


140 

2N5760 

2N6228 

15/60 

3 

0.7 typ 

0 5 typ 

3 

1 

150 


250 

MJ15011 

MJ15012 

20/100 

2 





200 

7.0 

300 

MJ3041 


250 mm 

2.5 





175 


350 

MJ3042 


250 min 

2 5 





175 


(continued) 


i 


# I h fe I @ 1 MHz 

*V(BR)CEX or V(BR)CES 

fD Suffix on this device signifies internal C-E Diode 
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TO-204AA (FORMERLY TO-3)/TO-204AE (Type) (continued) 





2N6057 


2N6058 


2N6059 


2N3055 

2N3055A 

2N6576 

2N5881 


2N6050 


2N6051 

2N6052 


MJ2955 

MJ2955A 


1 k/20k 
15 min 
30 min 
20/100 
1 k/20k 
Ik min 
15 min 
30 min 
20/100 
1 k/20k 
Ik min 
25/100 
20/80 
15/60 
20/70 
20/100 
20/80 
30/90 
15/35 
8/20 
3/300 
30/300 
30/300 
30/300 
100/2k 
8/20 
10/40 
10/40 
10/250 
10/250 
7.5 min 
7.5 min 
7.0 min 
4.2 min 
15/200 
750/1 8k 
750/1 8k 
750/1 8k 
20/70 
20/70 
2k/20k 
20/100 



*V(BR)CEX # Ihfel @ 1 MHz 


(continued) 
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TO-204AA (FORMERLY TO-3)/TO-204AE (Type) (continued) 








Resistive Switching 









ts 

tf 


fT 

Pd (Case) 

1 cCont 

VcEO(sus) 

Device Type 

h FE 

@ ic 

MS 

MS 

@ ic 

MHz 

Watts 

Amps Max 

Volts Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

15 

80 

2N5882 

2N5880 

20/100 

6 

1 

0 8 

6 

4 

160 


90 

2N6577 


2k/20k 

4 

2 

4 7 

10 

10-200# 

120 


120 

MJ15015 

MJ15016 

20/70 

4 




1 

180 



2N6578 


2k/20k 

4 

2 

7 

10 

10-200# 

120 


140 

MJ15001 

MJ15002 

25/150 

4 




2 

200 


150 

MJ11018 

MJ11017 

100 min 

15 




3# 

175 


200 

2N6249 


10/50 

10 

3 5 

1 

10 

2.5 

175 



MJ1 1020 

MJ11019 

100 min 

15 




3# 

175 


250 

MJ11022 

MJ11021 

100 min 

15 




3# 

175 


275 

2N6250 


8/50 

10 

3.5 

1 

10 

2.5 

175 


300 

2N6546 


6/30 

10 

4 

0.7 

10 

6 to 24 

175 



2N6676 


8 min 

15 

25 

0 5 

15 

3 

175 


350 

2N6251 


6/50 

10 

3.5 

1 

10 

2 5 

175 



2N6677 


8 min 

15 

2.5 

0 5 

15 

3 

175 


400 

2N6547 


6/30 

10 

4 

0 7 

10 

6 to 24 

175 



2N6678 


8 min 

15 

2.5 

0 5 

15 

3 

175 



MJ13090 


8 min 

10 

2.5 

0.5 

10 


175 


450 

MJ13091 


8 min 

10 

2 5 

05 

10 


175 



MJ16010 


5 min 

15 

1 2 typ 

0 2 typ 

10 


175 



MJ16012 


7 min 

15 

0 9 typ 

0 15 typ 

10 


175 



2N6836 


10/30 

10 

30 

0 35 

10 

10 

175 


500 

MJ16010A 


5 0 min 

15 

3 0 

04 

10 


175 


850* 

MJ12022 


5 0 min 

15 


0.1 typ 

10 


175 

16 

60 

MJ4033 

MJ4030 

Ik/ 

10 





150 


80 

MJ4034 

MJ4031 

Ik/ 

10 





150 


100 

2N5629 

2N6029 

25/100 

8 

1.2 typ 

1.2 typ 

8 

1 

200 



MJ4035 

MJ4032 

Ik/ 

10 





150 


120 

2N5630 

2N6030 

20/80 

8 

1 2 typ 

1.2 typ 

8 

i 

200 


140 

2N3773 

2N6609 

15/60 

8 

1 1 typ 

1 5 typ 

8 

4 

150 



2N5631 

2N6031 

15/60 

8 

1.2 typ 

1 2 typ 

8 

1 

200 


200 

MJ15022 

MJ15023 

15/60 

8 




5 ' 

250 



MJ 15026 

MJ15027 

6 mm 

16 




15 

250 


250 

MJ15024 

MJ 15025 

15/60 

8 




n 

250 

20 

40 

2N6257 


15/75 

8 




2 

150 


60 

2N3772 


15/60 

10 1 




2 

150 



2N6282 

2N6285 

750/18k 

10 

2 5 typ 

2 5 typ 

10 

4# 

160 


75 

2N5039 


20/100 

10 

1.5 

05 

10 

60 

140 


80 

2N5303 

2N5745 

15/60 

10 

2 

1 

10 

2 

200 



2N6283 

2N6286 

750/1 8k 

io | 

2 5 typ 

2 5 typ 

10 

4# 

160 


90 

2N5038 


20/100 

12 

15 

05 

12 

60 

140 


100 

2N6284 

2N6287 

750/1 8K 

10 . 

2 5 typ 

2 5 typ 

10 

4# 

160 


140 

MJ15003 

MJ15004 

25/150 

5 ! 




2 

250 


200 

MJ13330 


8/40 

10 

3 5 

07 

10 

5 to 40 

175 


250 

MJ13331 


8/40 

10 

35 

0 7 

10 

5 to 40 

175 


350 

MJ10000 


40/400 

10 

3 

1 8 

10 

10# 

175 



MJ10004 


40/400 

10 

1 5 

05 

10 

10# 

175 



MJ13332 


10/60 

5 

4 

07 

10 


175 


400 

MJ10001 


40/400 

10 

3 

1 8 

10 

10# 

175 



MJ10005 


40/400 

10 

1 5 

05 

10 

10# 

175 



MJ13100 


8 min 

15 

3 5 

05 

15 


175 



MJ13333 


10/60 

5 

4 

0.7 

10 


175 


450 

MJ10008 


30/300 

10 

2 

06 

10 

8# 

175 



MJ13101 


8 min 

15 

3 5 

05 

15 


175 



MJ13334 


10/60 

5 

4 

0 7 

10 


175 



MJ16014 


5 min 

20 

2 7 

0 35 

20 


250 



MJ16016 


7 mm 

20 

2.2 

0.25 

20 


250 



2N6837 


10/30 

15 

2.5 

0 25 

15 

15 

250 


500 

MJ10009 


30/300 

10 

2 

06 

10 

8# 

175 



MJ13335 


10/60 

5 

4 

0 7 

10 


175 


750 

MJ10024 


50/600 

20 

5 

1 8 

10 


250 


850 

MJ10025 


50/600 

20 

5 

1 8 

10 


250 


*V<bR)CEX # lhf e l @ 1 MHz 


(continued) 
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TO-204AA (FORMERLY TO-3)/TO-204AE (Type) (continued) 


■ 






Resistive Switching 









ts 

tf 


fT 

Pd (Case) 

1 cCont 

V CEO(sus) 

Device Type 

h FE 

@ 'c 

MS 

MS 

@ ic 

MHz 

Watts 

Amps Max 

Volts Mm 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

25 

60 

2N5885 

2N5883 

20/100 

10 

1 

0.8 

10 

4 

200 


80 

2N5886 

2N5884 

20/100 

10 

1 

0.8 

10 

4 

200 




2N6436 

30/120 

10 

1 

0 25 

10 

40 

200 


100 

2N6338 


30/120 

10 

1 

0.25 

10 

40 

200 




2N6437 

30/120 

10 

1 

0 25 

10 

40 

200 


120 

2N6339 


30/120 

10 

1 

0.25 

10 

40 

200 




2N6438 

30/120 

10 

1 

0.25 

10 

40 

200 


140 

2N6340 


30/120 

10 

1 

0.25 

10 

40 

200 


150 

2N6341 


30/120 

10 

1 

0 25 

10 

40 

200 

30 

40 

2N3771 


15/60 

15 




2 

150 



2N5301 

2N4398 

15/60 

15 

2 

1 

10 

2 

200 


60 

2N5302 

2N4399 

15/60 

15 

2 

1 

10 

2 

200 



MJ11012 

MJ11011 

Ik min 

20 




4# 

200 



2N6326 

2N6329 

6/30 

30 




3 

200 


80 

2N6327 

2N6330 

6/30 

30 




3 

200 


90 

MJ11014 

MJ11013 

Ik min 

20 




4# 

200 


100 

2N6328 

2N6331 

6/30 

30 




3 

200 



MJ802 

MJ4502 

25/100 

7 5 




2 

200 


120 

MJ11016 

MJ11015 

Ik min 

20 




4# 

200 

40 

350 

MJ1 00220 


50/600 

10 

2 5 

09 

20 


250 


400 

MJ1 00230 


50/600 

10 

25 

09 

20 


250 

50 

60 

2N56850 

2N56830 

15/60 

25 

0 5 typ 

0 3 typ 

25 

2 

300 



MJ11O280 

MJ11O290 

400 min 

50 





300 


80 

2N56860 

2N56840 

15/60 

25 

0 5 typ 

0 3 typ 

25 

2 

300 




2N63770 

30/120 

20 

08 

0.25 

20 

30 

250 


90 

MJ11030 

MJ11031 

400 min 

50 





300 


^ 100 

2N62740 

2N63780 

30/120 

20 

0.8 

0 25 

20 

30 

250 


120 

2N62750 

2N63790 

30/120 

20 

08 

0 25 

20 

30 

250 



MJ1 10320 

MJ11O330 

400 mm 

50 





300 


140 

2N62760 


30/120 

20 

08 

0 25 

20 

30 

250 


150 

2N62770 


30/120 

20 • 

0.8 

0 25 

20 

30 

250 


400 

MJ1OO150 


10 min 

40 

2 5 

1 0 

20 


250 


500 

MJ1OO160 


10 min 

40 

2 5 

1 0 

20 


250 

60 

60 

MJ14OOO0 

MJ14OO10 

15/100 

50 





300 


80 

MJ14OO20 

MJ14OO30 

15/100 

50 





300 


200 

MJ1 00200 


75 min 

15 

3 5 

05 

30 


250 


250 

MJ1 00210 


75 min 

15 

3 5 

05 

30 


250 


• Modified TO-3, 60 mil pins # lhf e l @ 1MHz 


TO-205AA (TO-5) Package 




EMITTER 

BASE 

COLLECTOR 


IcCont 

Amps 

Max 

VCEO(sus) 

Volts 

Mm 

Device Type 

hFE 

Min/Max 

@ Ic 
Amp 

Resistive Switching 

fT 

MHz 

Min 

Pp (Case) 
Watts 
@ 25°C 

ts 

ms 

Max 

tf 

MS 

Max 

@ ic 
Amp 

NPN 

PNP 

3 

40 


2N3719 

25/180 

1 

0 4* 


1 

60 

6 




2N3867 

40/200 

1 5 

0 4* 


1 5 

60 

6 


60 


2N3720 

25/180 

1 

0 4* 


1 

60 

6 




2N3868 

30/150 

1 5 

0 4* 


1 5 

60 

6 


80 


2N6303 

30/150 

1 5 

0 4* 


1 5 

60 

6 


toff 
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TO-205AD (TO-39) Package 

CASE 79-02 



(Pin 3 connected to case) 


IcCont 
Amps Max 

VCEO(sus) 

Volts Mm 

Device Type 

hFE 

Min/Max 

@ ic 

Amp 

Resistive Switching 

fT 

MHz 

Min 

Pd (Case) 
Watts 
@ 25°C 

ts 

AiS 

Max 

tf 

A/S 

Max 

@ lc 
Amp 

NPN 

PNP 

0.5 

200 


MJ4645 

20 min 

0.5 

0.72* 


0 05 

40 

5 


300 


MJ4646 

20 min 

05 

0.72* 


0.05 

40 

5 


400 


MJ4647 

20 min 

0 5 

0 72* 


0 05 

30 

5 

4 

60 

2N4877 


20/100 

4 

1 5 

0 5 

4 

4 

10 

5 

60 


MJ8100 

25/180 

2 

1 

0 15 

2 

30 

10 


80 

2N5336 

2N6190 

30/120 

2 

2 

0 2 

2 

30 

6 



2N5337 

2N6191 

60/240 

2 

2 

0 2 

2 

30 

6 


100 

2N5338 

2N6192 

30/120 

2 

2 

0 2 

2 

30 

10 



2N5339 

2N6193 

60/240 

2 

2 

0 2 

2 

30 

6 


toff 
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TO-210AA (TO-59) Package 

CASE 1 60-03 



STYLE 1: 

PIN 1 EMITTER 

2. BASE 

3. COLLECTOR 



IcCont 
Amps Max 

VcEO(sus) 
Volts Min 

Device Type 

hFE 

Min/Max 

@ ic 
Amp 

Resistive Switching 

fT 

MHz 

Min 

Pd (Case) 

Watts 
@ 25°C 

ts 

MS 

Max 

tf 

MS 

Max 

@ ic 
Amp 

NPN 

PNP 

7 

60 


MJ6700 

25/180 

2 

1 

0.15 

2 

30 

60 


80 

2N5346 


30/120 

2 

2 

0.2 

2 

30 

60 



2N5347 


60/240 

2 

2 

0.2 

2 

30 

60 


100 

2N5348 


30/120 

2 

2 

0.2 

2 

30 

60 



2N5349 


60/240 

2 

2 

0.2 

2 

30 

60 

10 

80 


2N6186 

30/120 

2 

2 

0.2 

2 

30 

60 




2N6187 

60/240 

2 

2 

0.2 

2 

30 

60 


100 


2N6188 

30/1?0 

2 

2 

0.2 

2 

30 

60 




2N6189 

60/240 

2 

2 

0.2 

2 

30 ! 

60 


1-40 




1.2 


T0213AA (TO-66) Package 

CASE 80-02 



2 EMITTER 
CASE COLLECTOR 








Resistive Switching 









ts 

tf 


fT 

Pd (Case) 

IcCont 

VCEO(sus) 

Device Type 

h FE 

@ ic 

M S 

MS 

@ ic 

MHz 

Watts 

Amps Max 

Volts Mm 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Mm 

@ 25°C 

1 

40 


2N4898 

20/100 

05 

0 6 typ 

0.3 typ 

0.5 

3 

25 


60 


2N4899 

20/1 00 

0.5 

0.6 typ 

0 3 typ 

0.5 

3 

25 


80 

2N4912 

2N4900 

20/100 

05 

0 6 typ 

0 3 typ 

0 5 

h 3 

25 


175 

2N3583 

2N6420 

40/200 

0.5 

2 typ 

0 23 typ 

0.5 

10 

35 


225 

2N3738 

2N6424 

40/200 

0 1 

3 typ 

0 3 typ 

0 1 

10 

20 


250 


2N5344 

25/100 

0 5 

0.6 

0.1 

0.5 

60 

40 


300 

2N3739 

2N6425 

40/200 

0.1 

3 typ 

0 3 typ 

0 1 

10 

20 




2N5345 

25/1 00 

0.5 

0.6 

0 1 

0 5 

60 

40 

2 

125 

2N5050 


25/100 

0.75 

3.5 

1.2 

0.75 

10 

40 


150 

2N5051 


25/100 

0.75 

3 5 

1.2 

0.75 

10 

40 


200 

2N5052 


25/100 

0.75 

35 

1.2 

0.75 

10 

40 


225 


2N6211 

10/100 

1 

2 5 

0.6 

1 

20 

35 


250 

2N3584 

2N6421 

25/100 

1 

4 

3 

1 

10 

35 


300 


2N6212 

10/100 

1 

2 5 

0 6 

1 

20 

35 



2N3585 

2N6422 

25/100 

1 

4 

3 

1 

10 

35 



2N4240 

2N6423 

30/150 

0 75 

6 

3 

0.75 

15 

35 


350 


2N6213 

10/100 

1 

25 

0.6 

1 

20 

35 

3 

140 

2N3441 


25/100 

05 




0.2 

25 

4 

60 


2N3740,A 

30/100 

0 25 

1 .3 typ 

0 27 typ 

0.25 

4 

25 



2N3054.A 

2N6049 

25/100 

0 5 

i typ 

0 3 typ 

0.5 

3 

75 



2N3766 


40/160 

0.5 

0 9 typ 

0.09 typ 

0.5 

10 

20 



2N6294 

2N6296 

750/1 8k 

2 

0 9 typ 

0.7 typ 

2 

4# 

50 


80 


2N3741,A 

30/100 

0.25 

1 3 typ 

0.27 typ 

0.25 

4 

25 



2N3767 


40/160 

0.5 

0.9 typ 

0 09 typ 

05 

10 

20 



2N6295 

2N6297 

750/1 8k 

2 

0.9 typ 

0.7 typ 

2 

4 

50 

5 

40 

2N4231A 

2N6312 

25/100 

1.5 

0 5 typ 

0.2 typ 

1.5 

4 

75 


60 

2N4232A 

2N6313 

25/100 

1.5 

0.5 typ 

0.2 typ 

1 5 

T— ] 

75 


80 

2N4233A 

2N6314 

25/100 

1.5 

0.5 typ 

0.2 typ 

1 5 

4 

75 


225 

2N6233 


25/125 

1 

35 

0.5 

1 

20 

50 


275 

2N6234 


25/125 

1 

3.5 

0.5 

1 

20 

50 


BES9H 



25/125 

1 

35 

05 

1 

20 

50 

7 


2N6315 

2N6317 


2.5 

1 

0 8 

2.5 

4 

90 



2N5427 


30/120 

2 

2 

02 

2 

30 

40 



2N5428 


60/240 

2 

2 

02 

2 

30 

40 



2N6316 

2N6318 

20/100 

25 

1 

0.8 

2.5 

4 

90 



2N5429 



2 

2 

0.2 

2 

30 

40 



2N5430 



2 

2 

0.2 

2 

30 

40 



2N6078 


12/70 

1.2 

2.8 

0.3 

1 2 

1 

45 


275 

2N6077 


12/70 

1 2 

2.8 

03 . 

1.2 

1 

45 

8 

60 

2N6300 


750/18k 

4 

1-5 typ 

1-5 typ. 

4 

4# 

75 


80 

2N6301 

2N6299 

750/18k 

4 

1.5 typ 

1.5 typ 

4 

4# 

75 


120 

MJ3247 

MJ3237 

40 min 

3 

0 4 typ 

0 18 typ 

5 

mt 



150 



40 mm 

3 

BB99 


5 

EMI 


10 

80 

2N6495 


10/60 

10 

anna 

0.05 typ 

10 

mm 

70 


# Ihfel @ 1MHz 
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TO-225AA Package (Formerly TO-126) 


CASE 77-04 
PLASTIC 







STYLE 

3 


PIN 1. 

BASE 


2. 

COLLECTOR 

STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. 

EMITTER 


3. BASE 








Resistive Switching | 









ts 

. t f 


fT 

Pd (Case) 

IcCont 

VCEO(sus) 

Device Type j 

hFE 

@ ic 

/iS. 

liS 

@ ic 

MHz 

Watts 

Amps Max 

Volts Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

0.3 

250 

MJE3440 


40/160 

0 02 

■■■1 



15 

15 


350 

MJE3439 


40/160 





15 

15 



MJE341 


25/200 

0 05 




15 

20 8 

■ _ |B - H 

■ 

MJE344 


30/300 

0 05 




15 

20.8 

■ ■ 

■ 

2N5655 


30/250 

0 1 

3 5 typ 

0 24 typ 

0 1 

10 

20 


300 

MJE340 


30/240 

0 05 





20 8 



2N5656 


30/250 

0 1 

3 5 typ 

0.24 typ 

0 1 

10 

20 


350 

2N5657 


30/250 

0.1 

3 5 typ 

0.24 typ 

0 1 

10 

20 

1 

40 

2N4921 

2N4918 

20/100 

0 5 

0 6 typ 

0 3 typ 

0 5 

wmm 



IflEISHi 

2N4922 

2N4919 

20/100 


0 6 typ 

0 3 typ 

0 5 

mm i 





2N4920 

20/100 

HU! 

0 6 typ 

0 3 typ 

0.5 

mrm 


1.5 

40 

MJE720 


8 min 

■ 







60 

MJE721 


8 min 

mm 

■ ■ 



8 



80 

MJE722 


8 min 








300 

MJE13002# 


5/25 

■a 

IHDH 



mEm 



400 

MJE13003# 


5/25 

m 

WBM 


mm 

IQH 


2 

100 

MJE270 


HEHW 





6 

15 

3 

wmam 



25 min 

i 





25 


33 

MJE180 


50/250 

0 1 

0 6 typ 

0 12 typ 

0 1 


■ 


33 

MJE181 

MJE171 

50/250 

0 1 

0 6 typ 

0 12 typ 

0.1 

.50 

HDESHBBH i 


m 



50/250 

0 1 

0 6 typ 

0 12 typ 

0 1 

50 

HKEEHHHI 

4 

40 

MJE3300* 

MJE3310# 

Ik min 

1 




20 

15 



2N5190 

2N5193 

25/100 

1 5 

0 4 typ 

0 4 typ 

1 5 

2 

40 



MJE521 

MJE371 

40 mm 

1 





40 



2N6037 

2N6034 

750/18k 

2 

1 7 typ 

1 2 typ 

2 

25 

40 


60 

MJE3301# 

MJE3311# 

1 k mm 

1 




20# 

15 



2N5191 

2N5194 

25/100 

1 5 

0 4 typ 

0 4 typ 

1 5 

2 

40 



MJE800 

MJE700 

750 mm 

1 5 




1# 

40 



MJE801 

MJE701 

750 mm 

2 




1# 

40 



2N6038 

2N6035 

750/18k 

2 

1 7 typ 

1 2 typ 

2 

25 

40 


80 

MJE3302# 

MJE3312# 

1 k mm 

1 




20# 

15 



2N5192 

2N5195 

25/100 

1 5 

0 4 typ 

0 4 typ 

1 5 

2 

40 



MJE802 

MJE702 

750 mm 

1 5 




1# 

40 



MJE803 

MJE703 

750 mm 

2 




1# 

40 



2N6039 

2N6036 

750/18k 

2 

1 7 typ 

_ J gJflL. 

2 

25 

40 


100 

MJE243 

MJE253 

40/120 

0 2 

0 7 typ 

0 08 typ 

02 

40 

15 

5 

25 

MJE200 

MJE210 

45/180 

2 

0 13 typ 

0 035 typ 

2 

65 

15 


• Case 77 (Style 3) # lh fe l @ 1 MHz 
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TO-225AB Package (Formerly TO-127) 


CASE 90-05 



EMITTER 

COLLECTOR 

BASE 


IcCont 
Amps Max 

VCEO(sus) 

Volts Min 

Device Type 

hFE 

Mm/Max 

@ ic 
Amp 

Resistive Switching 

fT 

MHz 

Mm 

Pd (Case) 

Watts 
@ 25°C 

t s 

M S 

Max 

tf 

MS 

Max 

@ ic 
Amp 

NPN 

PNP 

5 

40 

2N5977 

2N5974 

20/120 

2 5 

0 45 typ 

0 18 typ 

2 5 

2 

75 


50 

MJE205 

MJE105 

25/100 

2 





65 


60 

MJE1100 

MJE1090 

750 mm 

3A 




1 

70 



MJE1101 

MJE1091 

750 mm 

4A 




1 

70 



2N5978 

2N5975 

25/100 

2 5 

0 55 typ 

0 18 typ 

2 5 

2 

75 


80 

MJE1102 

MJE1092 

750 mm 

3A 




1 

70 



MJE1103 

MJE1093 

750 mm 

4A 




1 

70 



2N5979 

2N5976 

20/120 

2 5 

0 45 typ 

0 18 typ 

2 5 

2 

75 

8 

60 

MJE6043 

MJE6040 

1 k/20k 

4 

1 5 typ 

1 5 typ 

4 

4# 

75 


80 

MJE6044 

MJE6041 

1k/20k 

4 

1 5 typ 

1 5 typ 

4 

4# 

75 


100 

MJE6045 

MJE6042 

1k/20k 

4 

1 5 typ 

1 5 typ 

4 

4 # 

75 

10 

60 

MJE2801 

MJE2901 

25/100 

3 





90 



MJE3055 

MJE2955 

20/70 

4 




2 

90 

12 

40 

2N5989 

2N5986 

20/120 

6 

0 5 typ 

0 25 typ 

6 

2 

100 


60 

2N5990 

2N5987 

20/120 

6 

0 5 typ 

0 25 typ 

6 

2 

100 


80 

2N5991 

2N5988 

20/120 

6 

0 5 typ 

0 25 typ 

6 

2 

100 

15 

40 

MJE1660 

MJE1290 

20/100 

5 




3 

90 


60 

MJE1661 

MJE1291 

20/100 

5 



! 

3 

90 


# lh fe l @ 1 MHz 


CASE 152 



STYLE 1: 
PIN 1. 

2 . 

3. 


EMITTER 

BASE 

COLLECTOR 


(COLLECTOR CONNECTED TO TAB) 








Resistive Switching 









ts 

tf 

fT 

Pd (Case) 

IcCont 

VCEO(sus) 

Device Type 

hFE 

@ Ic 

ms 

MS 

@ Ic 

MHz 

Watts 

Amps Max 

Volts Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

0.5 

65 

MPS-U31 


10 min 

0.1 





10 


300 

MPS-U10 

MPS-U60 

30 min 

iliMcnh 




60 

10 

0.8 

40 

MPS-U02 

EEsniaB 

IfEESESHSi 

0.5 




150 

10 

1 

120 



40 min 





■m 

10 


180 

CEggEMi 


40 mm 





— 

10 

2 

30 

irrasnflM 

irnsippHH 

50 min 

mam 




50 

10 


40 



50 min 



■| MM 

MM H 

50 

10 





4k mm 


■ 


■ 

100 

10 


60 

E3225EB 

eesdeeb 1 

60 min 


■ 

■ 

■ 

50 

10 


80 


EESEE3B 

60 min 

MWEBM 



■ ■ 

■ 

10 


100 

rrxmm 

rTSHEMi 

30 mm 




■ 

El 

10 
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TO-202AC Package 

CASE 306-04 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

4. COLLECTOR 


STYLE 3: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


IcCont 
Amps Max 

VCEO(sus) 
Volts Min 

Device Type 

hFE 

Min/Max 

@ lc 
Amp 

Resistive Switching 

fT 

MHz 

Min 

Pd (Case) 

Watts 
@ 25°C 

ts 

MS 

Max 

tt 

MS 

Max 

@ <c 
Amp 

NPN 

PNP 

0.1 

250 

D40N1 


30/90 

0.02 




50-80 

6.25 



D40N2 


60/180 

0.02 




50-80 

6.25 


300 

D40N3 


30/90 

0.02 




50-80 

6.25 



D40N4 


60/180 

0.02 




50-80 

6.25 

0.5 

30 

D40C1 


10k/60k 

0.2 

0.35 typ 

0.8 typ 

1 

75 typ 

6.25 



D40C2 


40k min 

0.2 

0.35 typ 

0.8 typ 

1 

75 typ 

6.25 


40 

D40C4 


10k/60k 

0.2 

0.35 typ 

0.8 typ 

1 

75 typ 

6.25 



D40C5 


40k min 

0.2 

0.35 typ 

0.8 typ 

1 

75 typ 

6.25 


120 

D40P1 


40 min 

0 08 

2.5 


0.08 

50 

6.25 


150 

2N6591 


40/200 

0.1 




35 

10 


180 

D40P3 


40 min 

0.08 

2.5 


0.08 

50 

6.25 


200 

2N6592 


30/200 

0.1 




35 

10 


225 

D40P5 


40 min 

0.08 

2.5 


0.08 

50 

6.25 


250 

2N6557 


40/180 

0.03 




45 

10 



MDS20 


40/250 

0.03 




60 

10 



2N6593 


30/200 

0 1 




35 

10 


300 

2N6558 


40/180 

0.03 




45 

10 




MDS60 

30 min 

0.03 




60 

10 



MDS21 


40/250 

0.03 




60 

10 


350 

2N6559 


40/180 

0.03 




45 

10 

1 

30 

D40D1 

D41D1 

10 min 

1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 



D40D2 

D41D2 

20 min 

1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 


45 

D40D4 

D41D4 

10 min 

1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 



D40D5 

D41D5 

10 min 

1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 


60 

2N6551 

2N6554 

25 min 

0.5 




75 

10 



D40D7 

D41D7 

10 min 

1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 



D40D8 

D41D8 

10 mm 

1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 


75 

D40D10 

D41D10 

10 min 

1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 



D40D11 

D41D11 

10 min 

1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 



D40D13 

D41D13 

50/150 

0.1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 



D40D14 

D41D14 

50/150 

0.1 

0.2 typ 

0.05 typ 

1 

200 typ 

10 


80 

2N6552 

2N6555 

25 min 

0.5 


— 


75 

10 


100 

2N6553 

2N6556 

25 min 

0.5 




75 

10 

2 

30 

D40E1 

D41E1 

10 min 




1 

230 typ 

8 



D40K1 

D41K1 

Ik min 





75 typ 

10 



D40K3 

D41K3 

Ik mm 




u 

75 typ 

10 


40 

2N6548 


5k min 






10 



2N6549 


3k min 




n 


10 


50 

D40K2 

D41K2 

Ik min 






10 



D40K4 

D41K4 

Ik min 






10 


60 

D40E5 

D41E5 

10 min 

1 

KXK7JI 

iilUtef 

i HBH 


8 


80 

D40E7 

D41E7 

10 min 

1 

msm 


1 

mm 

8 

3 

40 

MDS26t 

MDS76I 

30 min 

1 




50 

12.5 


60 

MDS27t 

MDS77t 

30 min. 

1 




50 

12.5 


t Style 3. 
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TO-218AC Package 

CASE 340-01 
PLASTIC 



BASE 

COLLECTOR 

EMITTER 

COLLECTOR 








Resistive Switching 









t s 

tf 


fT 

Pd (Case) 

IcCont 

VCEO(sus) 

Device Type 

hFE 

@ Ic 

M s 

MS 

@ lc 

MHz 

Watts 

Amps Max 

Volts Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

Amp 

Min 

@ 25°C 

5 




5.0 min 

5 

3.0 

0.30 

3.0 


100 





7.0 mm 

5 

2.7 

0.35 

3.0 


100 






5 

3.0 

0.30 

3.0 


100 

8 




5.0 min 

mm 

mm 

0 25 



IBM 





7.0 min 

■■ 


0.25 



■HI 



MJH16008A 


5.0 min 

8 

mam 

0.25 



125 

10 

40 

TIP33 

TIP34 

20 min 

3 

u 

wmmm 



80 


60 

TIP33A 

TIP34A 

20 min 

3 


u mm 



80 



TIP140 

TIP145 

500 min 

10 





125 


80 

TIP33B 

TIP34B 

20 min 

3 

wmm 

mmm 



80 



TIP141 

TIP146 

500 min 

10 

ifffl 

mMsfm 



125 


100 

TIP33C 

TIP34C 

20 min 

3 

mmm 

mmm 



80 



TIP142 

TIP147 

500 mm 

10 

HUi 




125 


800 

MJH16018 


7.0 min 

5 

mm 

H39S 

5.0 


150 

15 

EE9JH 

TIP3055 

TIP2955 

5 min 




eei 

2.5 

80 


■kthei 

MJH11018* 

MJH11017* 

400/1 5 K 




■1 H 

3.0# 

150 


200 

MJH11020* 

MJH11019* 

400/1 5K 






3 0# 

150 


250 


MJH11021* 

400/1 5K 





EE 

150 








■ 



■OH 











■EE 







■ 

M 

HEE 


mm 

16 

100 

MJE4340 

MJE4350 

15 mm 

8.0 

fBSm 

■H3S 

8.0 

1.0 

125 


120 

MJE4341 

MJE4351 

15 mm 

8.0 

EE31 

■EES 

8.0 

■EH 

125 


140 

MJE4342 

MJE4352 

15 mm 

mm 

mm 

MB&M 

8.0 

1.0 

125 


160 

MJE4343 

MJE4353 


8.0 

mm 

mBM 

8.0 

1.0 

125 

20 

60 

MJH6282* 

MJH6285* 


10 




HE 

125 


80 

MJH6283* 

MJH6286* 


10 




H8E 

125 


100 

MJH6284* 

MJH6287* 

750/1 8K 

10 




BUM 

125 

25 

— 

TIP35 

TIP36 

10/75 

15 

iHSHS 

EEEEI 

10 

BcfVBt 

125 




TIP36A 

10/75 

15 

IsEKIsl 

EEES 

10 

EM 

125 


EBsmh 


TIP36B 


15 

0.6 typ 

0.3 typ 

10 

BE 

125 


100 

TIP35C 

TIP36C 


15 

EEXS3 

0.3 typ 

10 

3.0 

125 


# Ihfel @ 1MHz 


*To be introduced 
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TO-220AB Package 


CASE 221 A-02 
PLASTIC 


STYLE 1 

PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 



1-46 
















































TO-220AB PACKAGE (continued) 








Resistive Switching 









ts 

tf 


fT 

Pd (Case) 

IcCont 

VCEO(sus) 

Device Type 

hFE 

@ ic 

ns 

MS 

@ ic 


Watts 

Amps Max 

Volts Min 

NPN 

PNP 

Min/Max 

Amp 

Max 

Max 

ns 


@ 25°C 

6 

40 

TIP41 

TIP42 

15/75 

3 

EZE9S 

Sill!® 

3 

n 

K' '-III' 1 * I ; 


60 

TIP41A 

TIP42A 

15/75 

3 

EBSS 

E® 

3 

n 

wmmmm 


80 

TIP41B 


15/75 

3 

Emm 

E® 

3 

3 

65 


100 

TIP41C 


15/75 

3 

EEE9S 

EKEE®I 

3 

3 

65 


120 

MJE5180 

MJE5170 


mm 

MU 

MM 

■■ 

mm 

65 



TIP41D 

TIP42D 



miss 

EKEmSI 


M 

65 


140 

MJE5181 

MJE5171 


mm 

Ml 

MM! 

mm 

mm 

65 



TIP41E 

TIP42E 



Eims 

HaflEl 


Ml 

65 


160 

MJE5182 

MJE5172 


m 

Ml 

MM 


mm 

65 



TIP41F 

TIP42F 


m 

i sms 

mm3 


Hi 

65 

7 

30 

2N6288 

2N6111 

30/150 

3 

0 4 typ 

0.15 typ 

3 

4 

40 


40 

2N6129 

2N6132 

20/1 00 

2.5 

0.4 typ 

0.15 typ 

3 

2.5 

50 


50 

2N6290 

2N6109 

30/1 50 

2.5 

0.4 typ 

0.15 typ 

3 

4 

40 


60 

2N6130 

2N6133 

20/100 

2.5 

0 4 typ 

0.15 typ 

3 

2.5 

50 


70 

2N6292 

2N6107 

30/1 50 

3 

0.4 typ 

0 15 typ 

3 

4 

40 


80 

2N6131 

2N6134 

20/100 

2.5 

0 4 typ 

0.15 typ 

3 

2.5 

50 


150 

BU407 


30 min 

1.5 


0 75 

5 

10 

60 


200 

BU406 


30 min 

1.5 


0 75 

5 

10 

60 

8 

40 

2N6386 

2N6666 

1k/20k 

3 




20# 

65 


60 

2N6043 

2N6040 

Ik/lOk 

4 

1.5 typ 

1 5 typ 

3 

4# 

75 



TIP100 

TIP105 

1 k/20k 

3 

1.5 typ 

1.5 typ 

3 

4# 

80 


80 

2N6044 

2N6041 

Ik/lOk 

4 

1.5 typ 

1.5 typ 

3 

4# 

75 



TIP101 

TIPI 06 

1 k/20k 

3 

1.5 typ 

1 5 typ 

3 

4# 

80 


100 

2N6045 

2N6042 

Ik/lOk 

3 

1 5 typ 

1.5 typ 

3 

4# 

75 



TIP102 

TIP107 

1 k/20k 

3 

1 5 typ 

1 5 typ 

3 

4# 

80 


120 

MJE15028 

MJE15029 

20 min 

4 




30 

50 


150 

MJE15030 

MJE15031 

20 min 

4 




30 

50 



BU807 


100 min 

5 

0 55 typ 

0.2 typ 

5 


60 


200 

BU806 


100 min 

5 

0.55 typ 

0 2 typ 

5 


60 


300 

MJE13006 


5/30 

5 

3 

0 7 

5 

4 

80 



MJE5740 


200 min 

4 

8 typ 

2 typ 

6 


80 




MJE5850 

15 min 

2 

2 

0.5 

4 


80 


350 

MJE5741 


200 min 

4 

8 typ 

2 typ 

6 


80 




MJE5851 

15 min 

2 

2 

0 5 

4 


80 


400 

MJE5742 


200 min 

4 

8 typ 

2 typ 

6 


80 



MJE13007 


5/30 

5 

3 

0 7 

5 

4 

80 




MJE5852 

15 min 

2 

2 

0.5 

4 


80 

10 

30 

D44H1 

D45H1 

20 min 

4 





50 



D44H2 

D45H2 

40 min 

4 





50 


40 

D44E1 

D45E1 

1000 min 

5 

2.0 typ 

0 5 typ 

10 


50 


45 

D44H4 

D45H4 

20 min 

4 





50 



D44H5 

D45H5 

40 min 

4 





50 


60 

D44E2 

D45E2 

1000 min 

5 

2 0 typ 

0 5 typ 

10 


50 



D44H7 

D45H7 

20 min 

4 





50 



D44H8 

D45H8 

40 min 

4 





50 




D45H9 

40 min 

4 





50 



TIP140T 

TIP145T 

500 min 

10 

2.5 typ 

2 5 typ 

5 

4.0# 

125 



MJE2801T 

MJE2901T 

25/100 

3 





75 



MJE3055T 

MJE2955T 

20/70 

4 





75 



2N6387 

2N6667 

1k/20k 

5 




20# 

65 



SE9300 

SE9400 

Ik min 

4 




1# 

70 


80 

D44E3 

D45E3 

1000 min 

5 

2 0 typ 

0 5 typ 

10 


50 



TIP141T 

TIP146T 

500 min 

10 

2.5 typ 

2 5 typ 

5 

4 0# 

125 




D45H12 

40 min 

4 





50 



2N6388 

2N6668 

1 k/20k 

5 




20# 

65 



D44H10 

D45H10 

20 min 

4 

0 5 typ 

0 14 typ 

5 

50 typ 

50 



D44H11 

D45H11 

40 min 

4 

0 5 typ 

0 14 typ 

5 

50 typ 

50 



SE9301 

SE9401 

Ik mm 

4 


| 


1# 

70 


100 

TIP142T 

TIP147T 

500 min 

10 

2 5 typ 

2.5 typ 

5 

4.0# 

125 



SE9302 

SE9402 

Ik min 

4 




1# 

70 

12 

300 

MJE13008 


6/30 

8 

3 

07 

8 

4 

100 


400 

MJE13009 


6/30 

8 

3 

0 7 

8 

4 

100 

15 

30 

D44VH1 

D45VH1 

20 min 

4 

07 

0 09 

8 

50 typ 

83 


40 

2N6486 

2N6489 

20/150 

5 

0 6 typ 

0 3 typ 

5 

5 

75 


45 

D44VH4 

D45VH4 

20 mm 

4 

0.5 

0 09 

8 

50 typ 

83 


60 

2N6487 

2N6490 

20/150 

5 

0 6 typ 

0.3 typ 

5 

5 

75 



D44VH7 

D45VH7 

20 min 

4 

0.5 

0 09 

8 

50 typ 

83 


80 

2N6488 

2N6491 

20/150 

5 

0 6 typ 

0 3 typ 

5 

5 

75 



D44VH10 

D45VH10 

20 min 

4 

05 

0 09 

8 

50 typ" 

83 


* toff # Ihfel @ 1 MHz 
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MO-040AA 


CASE 346-01 

HIGH CURRENT PACKAGE 



IcCont 
Amps Max 

VCEO(sus) 

Volts Min 

Device Type 

hFE 

Min/Max 

@ lc 
Amps 

ts 

MS 

Max 

tf 

MS 

Max 

@ lc 
Amps 

Pd (Case) 

Watts 
@ 25°C 

NPN 

PNP 

50 

850 



40 min 

50 

100 

35 

50 

500 





40 min 


10 

5 




750 

MJ10052 


40 min 

50 

10 

5 

Hi 


100 

450 

MJ10100 


60 min 

100 

mm 

10 

100 




MJ10101 


60 min 



1.25 




350 

MJ10102 


60 min 

100 

CBS 

1.25 

100 


200 

250 

MJ10200 


90 min 

200 

20 

8 

200 




MJ10201 


90 min 


4 

1 0 




200 

MJ10202 


90 min 

200 

4 

1 

200 



CASE 353-01 

MEDIUM CURRENT PACKAGE 



IcCont 
Amps Max 

VCEO(sus) 

Volts Min 

Device Type 

hFE 

Min/Max 

@ ic 
Amps 

ts 

MS 

Max 

tf 

MS 

Max 

@ lc 
Amps 

Pd (Case) 

Watts 
@ 25°C 

NPN 

PNP 

25 

850 

MJ10041 










MJ10042 








50 

450 

MJ10044 


50 min 

50 

3.8 

1.3 

50 




MJ10045 


50 min 

50 

25 

10 

50 


100 

250 

MJ10047 


75 min 



1.0 





MJ10048 


75 min 



8 
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Military Specified Power Transistors 







Resistive Switching 





lc Cont 

VcEO(sus) 





ts 

tf 


fT 

Pd (Case) 


Amps 

Volts 

Device Type 

hFE 

@ lc 

M s 

ms 

@ lc 

MHz 

Watts 

Case 

Max 

Min 

NPN/# 

PNP/# 

Min/Max 

Amp 

Max 

Max 

Amps 

Min 

@ 25°C 

JEDEC/MOT 

1 

300 

2N3739J./402A 

TXJXV 


40/200 

0.1 




10 

20 

TO-213AA/80 


40 


2N3867J./350A 

TXJXV 


1.5 

05 


1.5 

60 

10 





2N3867SJ.350A 

TXJXV 

40/200 

15. 

05 

01 

1.5 

60 

10 



60 


2N3868J./350A 

TXJXV 

30/150 

1.5 


0.1 

1 5 

60 

10 

TO-205AA/31 




2N3868SJ./350A 

TXJXV 

30/150 

1.5 

■ 

.035 

1.5 

60 

5 

TO-205AD/79 

| 

60 


2N3740J./441A 

TXJXV 


0.25 


wm 

1 

5 

25 

TO-213AA/80 

■■ 


2N3766J./518 

TXJXV 


40/160 

0.5 

g 

II 

05 

10 

25 

T0-213AA/80 

H 

80 


2N3741J./441A 

TXJXV 

30/100 

0.25 

H 

jm 


5 

25 

TO-213AA/80 



2N3767J./518 

TXJXV 


40/160 

05 




10 

25 

TO-213AA/80 

8 

60 

2N6300J./540** 

2N6298J./540** 

750/18k 

4 

8* 


4 


75 

TO-213AA/80 



TXJXV 

TXJXV 






■ 




80 

2N6301J./540** 

2N6299J./540*’ 

750/18k 

4 

8* 


4 

■ 

75 

TO-213AA/80 



TXJXV 

TXJXV 










250 

2N6306J./498 


15/75 

3 

3* 


3 

■ 

125 

TO-204/1 


350 

2N6308J./498 


12/60 

3 

3* 


3 

5 

125 

TO-204/1 

10 

40 

2N6383J./523** 

2N6648J.527 

lk/20k 

5 

10* 




100 

TO-204/1 



TXJXV 

TXJXV 

2N6648J./527** 

TXJXV 

lk/20k 

5 

10* 


H 


85 

TO-204/1 


60 

2N3715J.408B 

2N3791J./379B 

30/120 

3 

2* 


5 

4 

150 

TO-204/1 



TXJXV 

2N6384J./523** 

TXJXV 

lk/20k 

5 

10* 

■ 

5 

20 

100 

TO-204/1 



TXJXV 

2N6649J./527 

TXJXV 

lk/20k 

5 

10* 

■ 

5 

50 

85 

TO-204/1 


80 

2N3716J./408B 

2N3792J./379B 

30/120 

__ 

2* 


5 


150 

TO-204/1 



TXJXV 

2N6385J./523** 

TXJXV 

TXJXV 

lk/20k 

5 

10* 

■ 

D 


100 

TO-204/1 


1 


2N6650J./527** 

TXJXV 

lk/20k 

5 

10* 

1 

El 


85 

TO-204/1 


# MIL S- 19500 Detailed ## lh fe l @ 1MHz * t 0 ft 
Spec, shown by 
Device Type 


** Consult 
Factory for 
qualification 
status. 


(continued) 
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MILITARY SPECIFIED POWER TRANSISTORS (continued) 


lc Cont 
Amps 

Max 

VcEO(sus) 

Volts 

Min 

Device Type 

hFE 

Min/Max 

Resistive Switching 

@ lc 

Amp 

fT 

MHz 

Min 

Pd (Case) 
Watts 

m 25°C 

Case 

JEDEC/M0T 

ts tf 

@ lc MS MS 

Amp Max Max 

NPN/# 

PNP/# 

12 

80 

2N6058J./502** 

TX.TXV 

2N6051J./501** 

TX.TXV 

lk/ 18k 

H 

10* 


5 

10 

150 

T0-204/1 

100 

2N6059J./502** 

TX.TXV 

2N6052J./501** 

TX.TXV 

lk/ 18k 

■ 

10* 


5 

10 

150 

TO-204/1 

■ 

300 

2N6546J./525 

TX 


12/60 

m 

4.7* 


10 

6 

175 

TO-204/1 

400 

2N6547J./525 

TX 


12/60 


4 7* 


10 

6 

175 

TO-204/1 


75 

2N5039J./439 

TX.TXV** 


30/150 

■ 

2* 


10 

60 

140 

TO-204/1 

80 

2N5303J./456A 

TX.TXV 

2N6283J./504** 

TX.TXV 

2N5745J.433 

TX.TXV 

2N6286J./505** 

TX.TXV 

15/60 

1250/18k 

10 

10 

3* 

10* 

■ 


2 

8 

200 

175 

TO-204/1 

TO-204/1 

90 

2N5038J/439 

TX.TXV** 


50/200 

2 

2* 

■1 


60 

140 

TO-204/1 

100 

2N6284J./504** 

TX.TXV 

2N6287J./505 

TX.TXV 

1250/18k 


10* 



8 

175 

TO-204/1 

25 

100 

2N6338J./509 

TX.TXV** 

2N6437J./508 

TX.TXV** 

30/120 

30/120 

10 

10 

1 

1 

■ 


40 

40 

200 

200 

TO-204/1 

TO-204/1 

120 


2N8438J./509 

TX.TXV** 

30/120 

10 

1 

II 


40 

200 

TO-204/1 

150 

uSnSmKKm 


30/120 

1- 

1 

■ 


40 


T0-204/1 


60 

rnmirnm 

2N4399J./433 

TX.TXV 

15/60 


3* 


10 

m 


TO-204/1 

50 

60 

2N5685J./464 

TX.TXV 

2N5683J./466 

TX.TXV 

15/60 

25 

3* 


25 

2 

300 

T0-204/197 

MOD 

80 

2N5686J./464 

TX.TXV 

2N5684J./466 

TX.TXV 

15/60 

25 

3* 


25 

2 

300 

TO-204/197 

MOD 

100 

2N6274J./514 

TX.TXV** 

2N6378J./515 

TX.TXV** 

30/120 

20 

1.05* 


20 

30 

250 

TO-204/197 

MOD 

120 


2N6379J./515 

TX.TXV** 

30/120 

20 

1.05* 


20 

30 

250 

TO-204/197 

MOD 

150 

2N6277J./514 

TX.TXV** 


30/120 

20 

1.05* 


20 

30 

250 

TO-204/197 


# MIL -S- 19500 Detailed ## lh fe l @ 1MHz * t Q ff 

Spec, shown by 
Device Type 


** Consult 
Factory for 
qualification 
status. 
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Power Darlingtons 



















































































POWER DARLINGTONS (continued) 


IcCont 

Amps 

Max 

VcECMsus) 
Volts Min 

Device Type 

hFE 

Min/Max 

NPN 

PNP 

10 

80 

2N6388 

2N6385 

D44E3 

TIP141 

TIP141T 

2N6668 

2N6650 

D45E3 

TIP 146 

TIP146T 

lk/20k 
lk/20k 
1000 mm 
500 mm 
500 mm 

100 

TIP 142 

TIP 142T 

TIP147 

TIP147T 

500 mm 
500 mm 

350 

MJ 10002 

MJ 10006# 


30/300 

30/300 

400 

MJ 10003 

MJ 10007# 

MJ 10012 


30/300 

30/300 

100/2k 

550 

MJ 10013# 


10/250 

HEH3H 

MJ10014# 


10/250 

12 


2N6057 

2N6050 


80 

2N6058 

2N6051 



2N6059 

2N6052 

WFMAi.Vm 

15 

60 

2N6576 


M7>iiI!M 

90 

2N6577 


2k/20k 

120 

2N6578 


2k/20k 

■a 

MJ 1 1018 
MJH11018 

MJ 11017 
MJH11017 

100 mm 
100 mm 


MJ 11020 
MJH11020 

M J 1 1019 

M JH 11019 

100 mm 
100 mm 


MJ 11022 
MJH11022 

MJ 1 1021 

M JH 1 102 1 

100 mm 
100 mm 

16 

■ESH 

MJ4033 

MJ4030 

lk mm 

80 

MJ4034 

MJ4031 

lk mm 


MJ4035 

MJ4032 

lk mm 




2N6282 

MJH6282 

2N6285 

MJH6285 

2N6283 

MJH6283 

2N6286 

MJH6286 

2N6284 

MJH6284 

2N6287 

MJH6287 


MJ 10000 
MJ 10004# 
MJ 10001 
MJ 10005# 


uimmi 


MJ 10024 

MJ 10025 

MJ 10041# 

MJ 10042 

MJ 11012 MJU011 

MJ 11014 MJ 11013 

MJ 1 1016 M J 11015 


imiMMi 


MJ 11028 MJ 11029 

MJ 11030 MJ 1 1031 

MJ 11032 MJ 11033 

MJ 10015# 

MJ 10044# 

MJ 10045 

MJ10016# 

MJ 10050 

MJ10051# 


I'UWiUi! Ml 


MJ 10021# 
MJ 10047# 
MJ 10048# 
MJ 10100 
MJ10101# 


750/18k 
750/18K 
750/ 18k 
750/18K 
750/18k 
750/18K 
40/400 
40/400 
40/400 
40/400 
30/300 
30/300 
50/600 
50/600 


25 

min 

35 

mm 

lk 

mm 

lk 

mm 

lk 

mm 



400 

min 

400 

mm 

400 

mm . 

10 

mm 

50 

mm 

50 

mm 

10 

mm 

40 

mm 

40 

mm 




MJ 10200 


90 mm 

200 

20 

8 

200 • 


500 

MO-040/346 

MJ 10201# 


90 min 

200 

4 

1 

200 


500 

M0-040/346 


• Darlington with speed-up diode. 
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Power Switching Transistors 

Vceo < 200 V 

(See next page for 200 Volts and greater.) 


1.2 








Resistive Switching 




IcCont 

VCEO(sus) 





ts 

tf 


fT 

Pd (Case) 


Amps 

Volts 

Device Type 

hFE 

@ lc 


M s 

@ lc 

MHz 

Watts 

Case 

Max 

Min 

NPN 

PNP 

Mm/Max 

Amp 

Max 

Max 

Amp 

Mm 

@ 25°C 

JEDEC/M0T 

2 

■TOM 

2N5050 


25/100 

0.75 

3.5 

12 

0 75 

10 

40 

TO-213AA/80 


MBsEH 



25/100 

0.75 

3.5 

12 


10 

■E9H 

■Z3EEB9H 

■KHj 

40 


2N3719 

25/180 

2 



mm 


KH 

TO-205AA/31 




2N3867 


2 



Hi 


1 H 

T0-205AA/3 1 

M 

60 


2N3720 

25/180 

2 



i 

60 

■H 

T0-205AA/31 

■ ■ 



2N3868 

aillEB 

2 



i 

60 

KH 

T0-205AA/31 


80 


2N6303 

30/150 

2 

0.4* 


i 

60 

6 

TO-205AA/31 

4 

60 




4 

15 

0.5 

4 

30 

10 

T0-205AD/79 

5 

60 




2 

« 

0.15 

2 

30 

10 

T0-205AD/79 


80 



60/240 

2 

mam 

02 

2 

30 

10 

T0-205AD/79 


100 

2N5339 

2N6193 

60/240 

2 

2 

02 

2 

30 

10 

T0-205AD/79 

■ 

60 

2N6315 

2N6317 

20/100 

25 

1 

0.8 

125 

4 

90 

T0-2 13AA/80 

■ 

80 

2N5428 


60/240 

2 

2 

02 

mm 


60 

T0-213AA/80 

■ 


2N5347 

2N6187 

60/240 

2 

2 




60 

TO-210AA/160 

H 


2N6316 

2N6318 

20/100 

2.5 

1 

08 

En 


90 

T0-213AA/80 


100 

2N5430 


60/240 

m 

2 

02 

mm 


60 

T0-213AA/80 



2N5349 

2N6189 

60/240 

■s 

2 

02 

mm 


60 

T0-210AA/160 


60 

2N3447 


40/tf0 

5 

mam 


5 

— 

HIkH 



80 

2N3448 



5 


■EEEH 

5 

m 

HUH 


HBHI 

120 

MJ3247 

MJ3237 

40 mm 

mm 

0.4 typ 

0.18 typ 

5 

20 

75 

T0-213AA/80 



MJ4247 

MJ4237 

40 min 

11 

0.4 typ 

0 18 typ 

5 

20 

90 

TO-204/11 

H ' 


MJ El 5028 

MJE15029 

20 mm 


0 4 typ 

0.18 typ 

5 

HI 

50 

T0-220/221A 

■ 

150 

MJ3248 

MJ3238 

40 min 

mm 

0 4 typ 

0 18 typ 

HI 

20 

75 

T0-2 1 3AA/80 

■?& • 


MJ4248 

MJ4238 

40 mm 


0 4 typ 

0.18 typ 

mm 

20 

90 

TO-204/11 

■BJ 


M J E 1 5030 

MJE15031 

20 mm 

HI 

04 typ 

0 18 typ 

H 

30 

50 

T0-220/221A 

jmm 

60 


MJ6700 

25/180 

mm 

1 

0.15 

2 

30 

60 

T0-210AA/160 



2N5877 

2N5875 

20/100 

n 

1 

0.8 

4 

4 

150 

TO-204/11 

■ ■ 

80 



20/100 

4 

1 

08 

4 

4 

150 

TO-204/11 

15 

IHRSBH 

2N5881 

2N5879 

20/100 

6 

1 

____ 

6 

4 

160 

TO-204/11 


80 

2N5882 

2N5880 

MW 

6 

1 

0.8 

6 

4 

160 

TO-204/11 

20 

75 

2N5039 


20/100 

HEH 

15 

HSEjH 

HI 

60 

140 

T0-204/1 


flEHH 

2N5303 

2N5745 

15/60 

10 

mwa 

i 

TO 

2 

200 

TO-204/11 


HEUH 

2N5038 


20/100 


f 

05 

am 

60 

140 

T0-204/1 

25 

60 

2N5885 

2N5883 

20/100 

10 

i 

■■ 

10 

4 

200 

TO-204/11 


80 

2N5886 

2N5884 

20/100 

10 

mnm 

08 

10 

4 

200 

TO-204/11 




2N6436 

30/120 

10 

HEH' . 

0.25 

10 

40 

200 

T0-204/1 


100 



30/120 

10 

1 

0 25 

10 

40 

200 

TO-204/1 




2N6437 

30/120 

10 

1 

0.25 

10 

40 

200 

T0-204/1 


120 

2N6339 


30/120 

10 

| m 

025 

10 

40 

200 

TO 204/1 




2N6438 

30/120 

10 


0 25 

10 

40 

200 

T0-204/1 


140 



30/120 

■EH 

mam 

0 25 

10 

40 

200 

T0-204/1 


150 

2N6341 


30/120 

WBM 

mam 

KE9H 

10 

40 

200 

TO-204/1 

30 

40 

2N5301 

2N4398 

15/60 

15 

2 

i 

TO 

2 

■BUBS 

TO-204/1 1 


60 

2N5302 

2N4399 

15/60 

15 

2 

i 

mm 

2 

■BEHI 

T0-204/11 

50 

80 


2N6377 

30/120 

WR'M i 

0.8 







100 

2N6274 

2N6378 

30/120 


0.8 

0.25 

mum 

30 

250 



120 

2N6275 

2N6379 


20 

08 

0 25 

MrbM 

30 

250 

TO-204 Mod/ 197 


140 

2N6276 


30/120 


08 

KESI 

muM 

30 

250 

T0-204 Mod/ 197 


150 

2N6277 


30/120 

IBH 

08 

■ 333 ■ 

mm 

30 

250 

TO-204 Mod/ 197 


toff 
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1.2 


Switchmode Power Transistors 

Vceo 3 s 200 V 

Devices are listed in descending order of VceO(sus), and IcCont 


VCEO(SUS) 

Volts 

Min 

lc Cont 
Amps 

Max 

VCEV 

Volts 

Min 

Device Type 
NPN unless 
otherwise noted 

hFE 

Min/Max 


Resistive Switching j 

fT 

MHz 

Min 

Case 

JEDEC/MOT 

@ lc 
Amp 

ts 

MS 

Max 

tf 

MS 

Max 

@ lc 

Amp 

850 

50 

900 

MJ10050#^ 

40 min 

50 1 

100 


50 


M0 040/346 



900 

MJ10051##^ 

40 min 

50 

10 

■1 

50 


MO-040/346 


25 

900 

MJ10041##^r 

25 min 

25 

10 

BH 

25 


- /353 



900 

MJ10042#^ 

35 mm 

25 

100 


25 


— /353 


20 

m 

MJ10025##^ 


20 

5 

1.8 



T0-204/1 

800 

10 

1400 

MJ8505^ 

7.5 mm 

1.5 

4 

2 

5 


T0-204/1 



1500 

MJ16018t*t 

7.0 mm 

5.0 

m 

ns. 

5.0 


T0-204/1 



1500 

MJH16018i*r 

7.0 mm 

5.0 

n 

0.9 typ 

5.0 


TO-218/340 


5 

1400 

MJ8503^ 

7 5 mm 

1 

4 

2 

2.5 


TO-204/1 



1400 

MJE8503^ 

7.5 mm 

1.0 

4 

2 

25 


TO-220/221A 


2.5 

1400 

MJ8501^ 

7.5 mm 

0.5 

4 


1 


T0-204/1 



1400 

MJE850U 

7.5 mm 

0.5 

4 

■m 

1 


TO-220/221A 

750 


900 

MJ10052##^r 

40 mm 

HESHU 

10 

5 

50 


M0-040/346 


flEHB 

1000 

MJ10024##^ 

50/600 

9H9H 

5 

1.8 

10 


TO-204/1 


8 


MJ 12005 

5 mm 

5 


1 

5 

4 typ 

T0-204/1 


5 


MJ12004^ 

2.5 mm 

45 


1 

4.5 

4 typ 

TO-204/1 


4 

1500 

MJ12003 

2.5 mm 

3 


1 

3 

4 typ 

TO-204/1 


2.5 

1500 

MJ12002^ 

1 11 min 

2 


— 

2 

4 typ 

TO-204/1 



1500 

MJE12007^r 

1.1 mm 

2 



2 

4 typ 

T0-220/221A 

700 

10 

IH 

MJ8504^ 

7.5 mm 

1.5 

4 

2 

5 


TO-204/1 


8 

1400 

MJ 1001 1# 

20 mm 

4 


1 

4 


TO-204/1 



1200 

MJ8502^r 

7.5 mm 

1 

4 

2 

2.5 


TO-204/1 



1200 

MJE8502^ 

7.5 mm 

1 

4 

2 



TO-220/221A 



1500 

BU208D 

2.25 mm 

4.5 


0.6 typ 

mmm 


TO-204/1 


2.5 

1200 

MJ8500^ 

7.5 min 

0.5 

4 


i 


TO-204/1 



1200 

MJE8500^ 

7.5 mm 

0.5 

4 

Wtm 1 

i i 


TO-220/221A 

600 

15 

700 

MJ10014##^r 

10/250 

10 

warn 

0.8 

10 


TO-204/1 

550 


flEliUHi 

MJ10013##^ 

10/250 

10 

mm 


10 


TO-204/1 

500 


■EEH 

MJ10016##^ 

10 mm 

40 

2.5 

i 

20 


T0-204 Mod/197 


20 

600 

MJ10009##^ 

30/300 

10 

2 

0.6 

10 


TO-204/1 



800 

M J 13335-W- 

10/60 

5 

4 

0.7 

10 


TO-204/1 


15 

1000 

MJ16010A^r 

5.0 mm 

15.0 

3.0 

0.4 

10.0 

■| 

TO-204/1 



1000 

MJH16010A^r 

5.0 mm 

150 

3.0 

0.4 

10.0 

■ 

TO-218/340 


8 

1000 

MJ16006AHr 

5 0 min 

15.0 

3.0 

0.4 

10.0 


TO-204/1 



1000 

MJH16006A^ 

5.0 mm 

150 

3.0 

0.4 

10.0 


TO-218/340 


5 

1000 

MJ16002A^r 

5.0 mm 

15.0 

3.0 

0.3 

3.0 


TO-204/1 



1000 

MJH16002A^ 

5.0 mm 

15.0 

3.0 

0.3 

3.0 


TO-218/340 

450 

100 

500 

MJIOIOO#^ 


100 


10 

100 

H H 

MO-040/346 



500 

MJIOIOI##^ 


100 


1.25 

100 

■ 

M0-040/346 


50 

500 

MJ10044##^ 


50.0 


1.3 

50.0 


— /353 



500 

MJ10045#^ 


50.0 


10 

50.0 

n 

— /353 


20 

650 

MJ10008##^ 

Busumi 


2 

0.6 

10 

8** 

TO-204/1 



750 

MJ1310U 

8 mm 

15 

3.5 

0.5 

15 


TO-204/1 




MJ13334^ 


5 

4 

0.7 

10 


TO-204/1 



850 

2N6837^ 


15 

2.5 

.25 

15 

15 

TO-204/1 



850 

MJ16014^ 

5 mm 


27 

0.35 

20 


TO 204/197 



850 

MJ16016# 

7 mm 

20 

2.2 

0.25 

20 


TO 204/197 


15 

750 

MJ13091^r 

8 mm 


2.5 

0.5 

10 


TO-204/1 



850 

2N6836^ 

■Mfl 


3.0 

0.35 

10.0 

10 

TO-204/1 



850 

MJ12022^ 

5.0 mm 



0.1 typ 

10.0 


TO-204/1 



850 

MJ16010^r 

5 mm 

15 

1.2 typ 

0.2 typ 

10 


TO-204/1 



850 

MJ16012^ 

7 mm 

15 

0.9 typ 

0.15 typ 

10 


TO-204/1 



850 

MJH 16010-Ar 

5.0 min 


1.2 

0.2 

10.0 


TO-218/340 



850 

MJH16012^ 

\WEMM 



0.15 

10.0 


TO-218/340 


■mu 

750 

M J 1308 1 ★ 

8 mm 

5 

1.5 

0.5 

5 


TO-204/1 



850 

2N6835^ 

7.5/3.0 


2.5 

0.25 

5.0 

10 

TO-204/1 



850 

MJ1202U 


8.0 


0.1 typ 

8.0 


TO-204/1 



850 

MJ16006^ 

5 mm 

8 

2.5 

0.25 

5 


TO-204/1 



850 

M J 16008^r 

7 mm 

8 

2.2 

0.25 

5 


TO-204/1 


■ 

850 

M JH 16006Ar 


8.0 

2.5 

0.25 

5.0 


TO-218/340 



850 

MJH16008^ 

1 7.0 min 

8.0 

2.2 

0.25 

5.0 


TO-218/340 
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SWITCHMODE POWER TRANSISTORS (continued) 

Vceo ^ 200 V 


1.2 


VcEO(sus) 

Volts 

Min 

lc Cont 
Amps 

Max 

VCEV 

Volts 

Min 

Device Type 
NPN unless 
otherwise noted 

hFE 

Min/Max 

@ lc 

Amp 

Resistive Switching 

fT 

MHz 

Mm 

Case 

JEDEC/M0T 

t s 

MS 

Max 

tf 

MS 

Max 

@ lc 
Amp 

450 

5 

750 

MJ13071* 

8 min 

3 

15 

05 

3 


T 0-204/ 1 



750 

MJE13071* 

8 min 

3 

15 

05 

3 


TO-220/221A 



850 

2N6834* 

10/30 

3.0 

27 

0 35 

3.0 

15 

10-204/ 1 



850 

MJ12020^r 

5 0 min 

50 


0 13 typ 

30 


TO-204/1 



850 

MJ16002W 

5 mm 

5 

3 

03 

3 


TO-204/1 



850 

MJ16004^r 

8 min 

3 

27 

0 35 

3 


T0-204/1 



850 

MJE16002* 

5 min 

5 

3 

03 

3 


T0-220/221A 



850 

MJE16004* 

7 min 

5 

2.7 

0 35 

3 


TO-220/221A 



850 

MJH16002* 

5.0 min 

5.0 

3.0 

0 30 

30 


T0-218/340 



850 

MJH16004* 

7.0 min 

5.0 

27 

0.35 

3.0 


T0-2 18/340 

400 

50 

650 

MJ 10015##* 

10 min 

40 

25 

1 

20 


T0-204 Mod/197 


40 

600 

MJ 10023##* 

50/600 

10 

25 

0.9 

20 


TO-204 Mod/197 


20 

500 

MJ 10001#* 

40/400 

10 

3 

18 

10 

10** 

TO-204/1 



500 

MJ 10005#* 

40/400 

10 

15 

05 

10 

10** 

TO-204/1 



500 

MJ13333* 

10/60 

5 

4 

07 

10 


TO-204/1 



650 

MJ 13100* 

8 mm 

15 

35 

0.35 

15 


TO-204/1 



850 

2N6547* 

6/30 

10 

4 

07 

10 

6 to 24 

TO-204/1 


15 

650 

MJ 13090* 

8 min 

10 

25 

0.5 

10 


TO-204/1 



650 

2N6678 

8 mm 

15 

2.5 

05 

15 

3 

TO-204/1 


12 

700 

M J E 13009* 

6/30 

8 

3 

07 

8 

4** 

T0-220/221A 


10 

950 

MJ 12010 

4.2 mm 

5 


1 

5 

6 typ 

TO-204/1 



550 

MJ 10012# 

100/2k 

6 

6 

15 

15 

6 

TO-204/1 



500 

MJ 10003#* 

30/300 

5 

25 

1 

5 

10** 

TO-204/1 



500 

MJ 10007##* 

30/300 

5 

1 1 

0.25 

5 

10** 

TO-204/1 



450 

M J 13015* 

8/20 

5 

2 

05 

5 


TO-204/1 


8 

850 

2N6545* 

7/35 

5 

4 

1 

5 

6 

TO-204/1 



800 

MJE5742# 

200/400 

4 

8 typ 

2 typ 

6 


TO-220/221A 



700 

M J E 13007* 

6/30 

5 

3 

0.7 

5 

4 

T0-220/221A 



650 

MJ13080* 

8 mm 

5 

15 

05 

5 


TO-204/1 



450 

MJ6503-PNP* 

15 mm 

2 

2 

05 

4 


TO-204/1 



450 

MJE5852-PNP* 

15 mm 

2 

2 

0.5 

4 


T0-220/221A 


5 

850 

2N6543* 

7/35 

3 

4 

08 

3 

6 

TO-204/1 



650 

MJ13070* 

8 min 

3 

15 

05 

3 


TO-204/1 



650 

M J E 13070* 

8 min 

3 

15 

05 

3 


T0220/221A 


4 

700 

MJE13005* 

6/30 

3 

3 

07 

3 

4 

T0-220/221A 


1.5 

700 

MJE13003* 

5/25 

1 

4 

07 

1 

5 

T0-225AA/77R 


0.5 

400 

MJ4647-PNP 

20 mm 

0.5 

0.72* 


0 05 

40 

T0-205AD/79 

350 

100 

500 

MJ 10102##* 

60 mm 

100 

3.75 

125 

100 


MO-040/346 


40 

450 

MJ 10022##* 

50/600 

10 

25 

09 

20 . 


T0-204 Mod/197 


20 

450 

MJ 10000#* 

40/400 

10 

3 

18 

10 

10** 

TO-204/1 



450 

MJ 10004##* 

40/400 

10 

15 

0.5 

10 

10** 

TO-204/1 



450 

MJ 13332* 

10/60 

5 

4 

07 

10 


TO-204/1 

350 

15 

550 

2N6677 

8 min 

15 

25 

05 

— ~ 

3 

TO-204/1 



375 

2N6251 

6/50 

10 

35 

1 

10 

2.5 

TO-204/1 


10 

450 

MJ 10002#* 

30/300 

5 

25 

1 

5 

10** 

TO-204/1 



450 

MJ 10006##* 

30/300 

5 

1.5 

05 

5 

10** 

TO-204/1 



400 

MJ 13014* 

8/20 

5 

2 

0.5 

5 


TO-204/1 


8 

700 

2N6308 

12/60 

3 

16 

0.4 

5 

5 

T0-204/1 



700 

MJE5741# 

200/400 

4 

8 typ 

2 typ 

6 


T0-220/221A 



400 

MJE5851-PNP 

15 min 

2 

2 

05 

4 


TO-220/221A 


5 

450 

2N6499 

10/75 

25 

18 

08 

25 

5 

TO-220/221A 


3 

375 

2N5840 

10/50 

2 

3 

15 

2 

5 

T 0-204/ 1 


2 

400 


10/100 

1 

25 

0.6 

1 

4 

T0-213AA/80 


5 


MJ3030 

3.75 mm 

3 


1 

3 


T 0-204/ 1 




2N6235 

25/125 

1 

3.5 

05 

1 

20 

T0-2 13AA/80 

■UiltMi 

15 


2N6546* 

6/30 

10 

mm 


10 

6 to 24 

TO-204/1 


15 

450 

2N6676 

8 mm 

15 

Bfl 

05 

15 

3 

T 0-204/ 1 


12 


MJE13008* 

6/30 

8 

3 


8 

4** 

TO- 220/221 A 


8 

650 

2N6544* 

7/35 

5 

4 

1 

5 

6 

TO 204/1 



600 

2N6307 

15/75 

3 

16 

04 

3 

5 

TO-204/1 



600 

MJE13006* 

6/30 

5 

3 

07 

5 

4 

TO-220/221A 




MJE5740 

200/400 

4 

8 typ 

2 typ 

6 


T0-220/221A 



350 

MJE5850-PNP* 

15 min 

2 

2 

■ESP 

4 


TO-220/221A 
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SWITCHMODE POWER TRANSISTORS (continued) 

Vceo ^ 200 V 





Device Type 

NPN unless 
otherwise noted 






u 

n 



n 

ES 


■ESZSI 

mi 

kh 

■mi 

1.2 

7 

TO-213AA/80 





H1W 

HI 

mm 

KQB 


6 

TO-204/1 


■ 



mSfiSEk 1 


■H 

BlEB 


5 

TO-220/221A 


4 

kb 

m 


kh 


■?!■ 


4 

TO-220/221A 




2N3585 

E3EEI 

mm 

SB 

mm 

IKKBI 


T0-213AA/80 




2N6422-PNP 



SB 

SH 


—ii 

T0-213AA/80 




2N6212-PNP 


mh 

KB 

■ 

■SMB 

mm 

TO-213AA/80 




MJE 13002'A' 

5/25 

— i 

4 

WEM 

i 

5 

T0-225AA/77R 


1 


2N5345-PNP 

ngw 

— 



0.5 

60 

TO-213AA/80 



300 

MJ4646-PNP 

Km 

HESS 



0.05 

40 

TO-205AD/79 

275 

15 

■? IDK 


8/50 

10 

3.5 

i 

10 

2.5 

TO-204/1 


7 

■59H 



12 

2.8 


1.2 

7 

TO-213AA/80 


5 

275 


25/125 

1 

3.5 

0.5 

1 

20 

TO-213AA/80 


3 

300 

2N5839 

10/50 

2 


1.5 

2 

5 

■BEESIfflHHB 

250 

200 

300 

MJ10200#* 

90 min 

200 

20 

8 

20 


MO-040/346 



300 

MJ 10201##* 

90 mm 

200 

4 

1 

200 


MO-040/346 


100 

300 

MJ 10047##* 

75 mm 

100.0 

4.0 

1.0 

100 


- /353 



300 

MJ 10048#* 

75 mm 

100.0 

2.0 

8 

100 


- /353 


60 

350 

MJ10021##* 

25 mm 

30 

3.5 

0.5 

30 


TO-204 Mod/ 197 


20 

450 

MJ 13331* 

8/40 

10 

35 

0.7 

“^0 1 

5/40 

TO-204/1 


15 

250 

MJ11021#PNP 

100 mm 

15 




. 3# 

TO-204/1 



250 

MJ 11022# 

100 mm 

15 




3# 

TO-204/1 


8 

500 

2N6306 

15/75 

3 

1.6 

0.4 

3 

5 

T0-204/1 



400 

MJ6502-PNP* 

15 mm 

2 

2 

0.5 

4 


T0-204/1 


5 

500 

MJ3029 

30 mm 

0.4 


1 

3 


TO-204/1 1 



350 

2N6497 

10/75 

2.5 

18 

0.8 

2.5 

5 

TO-220/221A 


3 

275 

2N5838 

10/50 

2 

3 

1.5 

3 

5 

TO-204/1 1 


2 

375 

2N3584 

25/100 

1 

4 

3 

1 

10 

TO-213AA/80 



375 

2N6421-PNP 

25/100 

1 

4 

3 

1 

10 

T0-213AA/80 


1 

250 

2N5344-PNP 

25/100 

05 

0.6 

01 

0.5 

60 

TO-213AA/80 

225 

2 

275 

2N6211 


1 

2.5 

0.6 

1 

20 

T0-213AA/80 



HEH3HH 

MJ10202##* 

WEIilfflWi 

200 

4 

1 

200 


MO-040/346 


HUH 


MJ10020##* 

25 mm 

30 

3.5 

0.5 

30 


TO-204 Mod/197 


HEUlHi 

400 


8/40 

10 

35 

0.7 

10 

5/40 

TO-204/1 1 


■HI 





3.5 

1 

10 

2.5 

TO-204/1 1 




MJ11019#PNP 

T7jj ' 





3# 

TO-204/1 




M J 1 1020# 

■fiSEuifll 





3# 

TO-204/1 


i 

200 



0 75 

3.5 

12 

0.75 

10 

T0-213AA/80 


Km 

200 



0.5 

0 72* 


0.05 

40 

T0-205AA/79 
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POWER 

TRANSISTOR 

Data Sheets 


1.3 


The following power transistor data sheets are 
arranged in alphanumeric sequence except in such 
instances where a particular data sheet may contain 
information applying to more than one transistor — 
e.g. 2N4398, 2N4399, 2N5745. To determine if a par- 
ticular device type is covered by a data sheet in this 
section, please refer to the alphanumeric listing of 
the Index and Cross Reference on pagel-2. 
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2N3054 

2N3054A 



MOTOROLA 


MEDIUM-POWER NPN SILICON TRANSISTORS 


. . . designed for general purpose switching and amplifier applications. 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 3.0 Amperes 

• Complement to PNP Type 2N6049 or 2N4912 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N3054A | 2 N 3054 

Unit 

Collector-Emitter Voltage 

v CEO 

55 

Vdc 

Collector-Emitter Voltage 
( R B E = 100 ST ) 

V CER 

60 

Vdc 

Collector-Base Voltage 

V CB 

90 

Vdc 

Emitter-Base Voltage 

Veb 

7.0 

Vdc 

Collector Current — Continuous 

Peak 

>C 

4.0 

10** 

Adc 

Base Current 

•b 

2.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

75 25 

0.43 0.143 

Watts 

W/°C 

Operating and Storage Junction, 

Temperature Range 

T J» T stg 

-65 to +200 

°C 


indicates JEDEC Registered Data 
**Addition to JEDEC Registered Data 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N3054A. 

2N3054 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.33 

7.0 

°c/w 



4 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

55 VOLTS 

25 WATTS - 2N3054 
75 WATTS - 2N3054A 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 




DIM 

MILLIM 

ETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

_ 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 







2N3054,A 


ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted) 


[ Characteristic j 

Symbol 

Min 

Max 

Unit | 

*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

v CEO(sus) 



Vdc 

(Iq = 100 mAdc, l B = 0) 


55 

- 


Collector-Emitter Sustaining Voltage (1) 

v CER(sus) 



Vdc 

0c = 100 mAdc, R BE = 100 n ) 


60 

— 


Collector Cutoff Current 

'CEO 



MAdc 

(Vqe = 20 Vdc, l B = 0) 


— 

500 


Collector Cutoff Current 

>CEX 



mAdc 

(V CE = 90 Vdc,Vg E ( off) = 1.5Vdc) 


— 

1.0 


( V CE = 90 Vdc, V BE ( 0 ff) = 1 .5 Vdc, T c - 1 50°C) 


— 

6.0 


Emitter Cutoff Current 

'EBO 



mAdc 

(V BE = 7.0 Vdc, l c = 0) 

! 

- 

1.0 



*ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 0.5 Adc, V CE = 4.0 Vdc) 

(l C = 3.0 Adc, V CE = 4.0 Vdc) 

hpE 

25 

5.0 

150 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(1C - 500 mAdc, 1 B = 50 mAdc) 


- 

1.0 


(1C =3.0 Adc, 1 B = 1 -0 Adc) 


_ 

6.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(1C = 500 mAdc, Vc E = 4.0 Vdc) 


- 

hi 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 200 mAdc, V CE = 10 Vdc) 

fT 

3.0 


MHz 

*Small-Signal Current Gain 

(1C = 100 mAdc, Vce = 4.0 Vdc, f = 1 .0 kHz) 

hf e 

25 

180 

- 

*Common-Emitter Cutoff Frequency 
(1C = 100 mAdc, Vc E = 4.0 Vdc) 

f hfe 

30 

_ 

kHz 


♦Indicates JEDEC Registered Data 
(1) Pulse test: Pulse Width ^300 Ms, Duty Cycle ^2.0% 


FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 




0,04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 


1C, COLLECTOR CURRENT (AMP) 
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I C , COLLECTOR CURRENT (AMP) 


2N3055 NPN/MJ2955 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(IC = 200 mAdc, l B = 0) 

v CEO(sus) 

60 

- 

Vdc 

Collector-Emitter Sustaining Voltage (1) 

0c = 200 mAdc, Rgg = 1 00 Ohms) 

v CER(sus) 

70 

~ 

Vdc 

Collector Cutoff Current 
(V CE = 30 Vdc, l B = 0) 

•CEO 

- 

0.7 

mAdc 

Collector Cutoff Current 

(V CE = 100 Vdc, V BE(off) = 1.5 Vdc) 

(V CE = 1 00 Vdc, V BE(off ) = 1 .5 Vdc, T C = 1 50°C) 

! CEX 

- 

1.0 

5.0 

mAdc 

Emitter Cutoff Current 
(V BE = 7.0 Vdc, l c = 0) 

•ebo 

- 

5.0 

mAdc 


*ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 4.0 Adc, V CE = 4.0 Vdc) 

(l c = 10 Adc, V CE =4.0 Vdc) 

h FE 

20 

5.0 

70 

- 

Collector-Emitter Saturation Voltage 
(lc = 4.0 Adc, l B = 400 mAdc) 

(l c = 10 Adc, l B = 3.3 Adc) 

v CE(sat) 

- 

1.1 

3.0 

Vdc 

Base-Emitter On Voltage 

(l C = 4.0 Adc, V CE = 4.0 Vdc) 

v BE(on) 


1.5 

Vdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

's/b 

2.87 

_ 

Adc 

(Vce = 40 Vdc, t = 1.0 s; Nonrepetitive) 





DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

(Iq = 0.5 Adc, V CE = 10 Vdc, f= 1.0 MHz) 

fT 

2.5 

- 

MHz 

*Small-Signal Current Gain 

(l C = 1.0 Adc. V C E = 4.0 Vdc, f = 1.0 kHz) 

hfe 

15 

120 

— 

*Small-Signal Current Gain Cutoff Frequency 
(Vce = 4.0 Vdc, lc = 1 0 Adc, f = 1 .0 kHz) 

fhfe 

10 

~ 

kHz 


* Indicates Within JEDEC Registration. (2N3055) 

(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate IC'VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 2 is based on Tc = 25°C; Tj( p j<) is variable 
depending on power level. Second breakdown pulse limits are 
valid for duty cycles to 10% but must be derated for temperature 
according to Figure 1. 
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(M) MOTOROLA 


NPN 

2N3055A - MJ15015 
PNP 

MJ2955A • MJ15016 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . PowerBase complementary transistors designed for high power 
audio, stepping motor and other linear applications. These devices 
can also be used in power switching circuits such as relay or solenoid 
drivers, dc-to-dc converters, inverters, or for inductive loads requiring 
higher safe operating area than the 2N3055 and MJ2955. 

• Current-Gain - Bandwidth-Product @ lc = 1 .0 Adc 

fj = 0.8 MHz (Min) - NPN 
= 2.2 MHz (Min) - PNP 

• Safe Operating Area — Rated to 60 V and 

120 V, Respectively 


“MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Collector-Emitter Voltage Base 
Reversed Biased 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


VCEO 


v CBO 


V CEV 


v EBO 


>C 


PD 


Tj< T s tg 


2N3055A 

MJ2955A 


MJ15015 

MJ15016 


115 

0.65 


180 
1 .03 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Symbol 


0 JC 


°c/w 


Indicates JEDEC Registered Data (2N3055A) 


FIGURE 1 - POWER DERATING 



50 75 100 125 

T C , CASE TEMPERATURE (°C) 


15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 120 VOLTS 
115, 180 WATTS 





NOTES 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-204AA OUTLINE SHALL APPLY. 

2. 001 02 OBSOLETE, NEW STANDARD 011-01 . 

3. 001-01 OBSOLETE, NEW STANDARD 001-03. 

4. DIAMETER V AND SURFACE WARE DATUMS. 

5. POSITIONAL TOLERANCE FOR HOLE Q: 

| »|(l 0.25 (0.010X3) | Wga 

6. POSITIONAL TOLERANCE FOR LEAD S: 

1 »| 0 0.30 (0.01 2) ® | W 1 V ® 1 Q © | 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 1 MAX 

A 


39.37 

- | 1.550 

B 

- 

21.08 

0.830 

C 

6.35 

7.62 

0.250 0.300 

D 

0.97 

1.09 

0.038 0.043 

E 

1.40 

1.78 

0.0551 0.070 

F 

30.1 

BSC 

1.1 87 BSC 

G 

10.92 BSC 

0.430 BSC 

IE 

5.46 BSC 

0.215 BSC 


16.8 

BSC 

0.665 BSC 

K 

11.18 

12.19 

0.4401 0.480 

a 

3.81 

4.19 

0.150 0.165 

R 


26.67 

1.050 

IE 

2.54 

3.05 

0.100 0.120 

DE 

3.81 

4.19 

0.150 1 0.165 


CASE 1-04 
TO-204AA 
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NPN 2N3055A, MJ15015 
PNP MJ2955A, MJ15016 


ELECTRICAL CHARACTERISTICS (Tq ® 25°C unless otherwise noted). 

Characteristic { Symbol | Min | Max | Unit 


OFF CHARACTERISTICS (1) 


"Collector-Emitter Sustaining Voltage 
(l c = 200 mAdc, Ib = 0) 

2N3055A, MJ2955A 
MJ15015, MJ15016 

v CEO(sus) 

60 

120 

~ 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 30 Vdc, V BE(off) = 0 Vdc) 

2N3055A, MJ2955A 


- 

0.7 


(V CE = 60 Vdc, VsE(off) = 0 vdc > 

MJ15015, MJ15016 


- 

0.1 


"Collector Cutoff Current 

2N3055A, MJ2955A 

»CEV 

- 

5.0 

mAdc 

< V CEV = Rated Value, V E E(off) = 1 5 Vdc) 

MJ15015, MJ15016 


- 

1.0 


Collector Cutoff Current 

2N3055A, MJ2955A 

'CEV 

- 

30 

mAdc 

(Vcev = Rated Value, VBE(off) = 1 - 5 Vdc, 

MJ15015, MJ15016 


- 

6.0 


Tc = 1 50°C) 






"Emitter Cutoff Current 

2N3055A, MJ2955A 

•ebo 

- 

5.0 

mAdc 

(V E b = 7.0 Vdc, l c = 0) 

MJ15015, MJ15016 


- 

0.2 



"SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 



Adc 

(t = 0.5 s non-repetitive) 2N3055A, MJ2955A 

1 .95 

- 


(V CE = 60 Vdc) MJ15015, MJ15016 


3.0 

- 



"ON CHARACTERISTICS (1) 


DC Current Gain 

(ic = 4.0 Adc, V CE = 2.0 Vdc) 

( lc = 4.0 Adc, Vqe = 4.0 Vdc) 

(IC = 10 Adc, Vce = 4.0 Vdc) 





Collector-Emitter Saturation Voltage 

v CE(sat) 




(IC = 4.0 Adc, Ib = 400 mAdc) 

■ 

- 


■ ■ 

(l c = 10 Adc, l B = 3.3 Adc) 

■ 

- 


■ ■ 

(l C = 15 Adc, l B = 7.0 Adc) 


- 



Base-Emitter On Voltage 

v BE(on) 

0.7 

1.8 


(IC = 4.0 Adc, Vce = 4.0 Vdc) 




II 


"DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(IC = 1 -0 Adc, V C E = 4.0 Vdc, f = 1 .0 MHz) 

2N3055A, MJ15015 
MJ2955A, MJ15016 

fT 

■m 


HI 

Output Capacitance 

(V C b = 10 Vdc, l E =0, f = 1.0 MHz) 

^ob 

60 

600 

PF 


* SWITCHING CHARACTERISTICS (2N3055A only) 


RESISTIVE LOAD | 

Delay Time 

(Vcc = 30 Vdc, Ic = 4.0 Adc, 

1 b 1 = 1 B2 = 0.4 Adc, 

tp = 25 jus Duty Cycle < 2%) 

td 

- 

0.5 

MS 

Rise Time 

t r 

- 

4.0 

MS 

Storage Time 

l s 

- 

3.0 

MS 

Fall Time 

tf 

- 

6.0 

MS 


(1 ) Pulse Test: Pulse Width = 300 jus, Duty Cycle < 2%. 
"Indicates JEDEC Registered Data (2N3055A) 
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V, VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 












(ffi) MOTOROLA 


2N3441 



1-69 










































2N3441 


1.3 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max ( Unit ] 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

<l c = 100 mAdc, l B = 0) 

VcEO(sus) 

140 

- 

Vdc 

Collector Cutoff Current 

*CEO 

- 

100 

mA 

(V CE = 140 Adc, l B = 0) 





Collector Cutoff Current 




mA 

(V CE = 140 Vdc, V BE(o f f ) = 1.5 V) 


- 

5.0 


(V C E = 140 Vdc, V BE ( off ) = 1.5 V @ 150°C) 


- 

6.0 


Emitter Cutoff Current 

<EBO 

- 

1.0 

mA 

(V BE = 7.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current Gain (1 ) 

(lC = 0.5 Adc, V CE = 4.0 V) 

(lC = 2.7 Adc, V CE = 4.0 V) 

BjgBj 


100 


Collector-Emitter Saturation Voltage (1) 

(l C = 2.7 Adc, l B = 0.9 Adc) 

v CE(sat) 

|| 

6.0 

_ 

Base-Emitter On Voltage (1) 

(l c = 2.7 Adc, V CE = 4.0 Vdc) 

v BE(on) 

“ 

6.7 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(1C = 0.5 Adc, V CE = 4.0 Vdc, f test = 1 kHz) 

hfe 

15 

75 

- 

Small-Signal Current Gain 

(Iq = 0.5 Adc, Vq E = 4.0 Vdc, f test = 0.4 MHz) 

lhf e | 

5.0 


~ 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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Second Breakdown Limit — " 

— Bonding Wire Limit — • - 

— Thermal Limit @ Tq = 25 ° C — - 
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V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power-handling ability 
of a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate lc~VCE limits of the 
transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 1 is based on Tj( p | < ) = 200°C; Tq is 
variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second break- 
down. 
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2N3442 

(M) MOTOROLA 2N4347 


HIGH-POWER INDUSTRIAL TRANSISTORS 

NPN silicon power transistors designed for applications in 
industrial and commercial equipment including high fidelity audio 
amplifiers, series and shunt regulators and power switches. 


• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = TO Vdc (Max) @ 1^ = 2.0 Adc - 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = ^20 Vdc (Min) — 2N4347 
140 Vdc (Mm) - 2N3442 

• Excellent Second-Breakdown Capability 


2N4347 


5.0 AND 10 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

120, 140 VOLTS 
100, 117 WATTS 



^MAXIMUM RATINGS 

Rating 

Symbol 

2N4347 

2N3442 

Unit 

Collector-Emitter Voltage 

< 

n 

m 

O 

120 

140 

Vdc 

Collector-Base Voltage 

V CB 

140 

160 

Vdc 

Emitter-Base Voltage 

Veb 


7.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

10 

Adc 

Peak 


10 

15“ 


Base Current — Continuous 

»B 

3.0 

7.0 

Adc 

Peak 


8.0 

_ 


Total Power Dissipation @ Tq = 25°C 

PD 

100 

117 

Watts 

Derate above 25°C 


0.57 

0.67 

W/°C 

Operating and Storage Junction 

T J> T stg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

2N4347 

2N3442 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.75 

1.5 

°C/W 

‘Indicates JEDEC Registered Data. 





“This data guranteed m addition to JEDEC registered data. 




-i i: 


SEATING 

PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 


21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case 

CASE 11-01 

(TO-3) 
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2N3442, 2N4347 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic } Symbol \ Min | Max | Unit \ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(1C = 200 mAdc, l B = 0) 

2N4347 

2N3442 

v CEO(sus) 

120 

140 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C E = 100 Vdc, l B =0) 

2N4327 


- 

200 


(V C E = 140 Vdc, l B = 0) 

2N3422 


- 

200 


Collector Cutoff Current 


'CEX 



mAdc 

<V CE = 125 Vdc, V BE ( of f) = 1 .5 Vdc) 

2N4347 


- 

2.0 


(V CE = 140 Vdc, V BE ( off ) = 1.5 Vdc) 

2N3442 


- 

5.0 


(V CE = 120 Vdc, V BE ( 0 ff ) = 1.5 Vdc,T C = 150°C) 

2N4347 


- 

10 


(V CE = 140 Vdc, V BE ( off ) = 1 .5 Vdc, T c = 150°C) 

2N3442 


- 

30 


Emitter Cutoff Current 


■ebo 



mAdc 

(V BE = 7.0 Vdc, l C = 0) 2N4347, 2N3442 


- 

5.0 



ON CHARACTERISTICS (1) 


DC Current Gam 

He = 2.0 Adc, V CE = 4.0 Vdc) 
dc = 5.0 Adc, V CE = 4.0 Vdc) 

(lC = 3.0 Adc, Vq E = 4.0 Vdc) 

(lC = 10 Adc, V CE =4.0 Vdc) 

2N4347 

2N4347 

2N3442 

2N3442 

h FE 

15 

10 

20 

7.5 

60 

70 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(Iq = 2.0 Adc, l B = 200 mAdc) 

2N4347 


- 

1.0 


(Iq = 5.0 Adc, 1 B = 0 .63 Adc) 

2N4347 


- 

2.0 


(I C = 10 Adc. I B = 2.0 Adc) 

2 N 3442 


- 

5.0 


Base-Emitter On Voltage 






dc = 2.0 Adc; V CE = 4.0 Vdc) 

2N4347 


- 

2.0 


(lC = 5.0 Adc, V CE = 4.0 Vdc) 

2N4347 


- 

3.0 


dc = 10 Adc, V C E = 4.0 Vdc) 

2 N 3442 


- 

5.7 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(lC = 0.5 Adc, V C E = 4.0 Vdc, f test = 50 kHz) 

(lC = 2.0 Adc, V C E = 4.0 Vdc, f test = 40 kHz) 

2N4347 

2N3442 


200 

80 

- 

kHz 

Small-Signal Current Gain 


hfe 



- 

(lC = 0.5 Adc, V C E = 4.0 Vdc, f = 1 .0 kHz) 

2N4347 



- 


(lC = 2.0 Adc, V C E = 4.0 Vdc, f = 1 .0 kHz) 

2N3442 



72 



•Indicates JEDEC Registered Data 


NOTES: 1 . Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2.0%. 
2. fy = |hf e | • f test 


FIGURE 1 - POWER DERATING 



0 25 50 75 100 125 150 175 200 

TC. CASE TEMPERATURE (°C) 
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lc. COLLECTOR-CURRENT (AMP) | C , COLLECTOR CURRENT (AMP) 


2N3442, 2N4347 


ACTIVE REGION SAFE OPERATING AREA INFORMATION 


FIGURE 2 - 2N3442 




2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 


Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power-handling ability 
of a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate limits of the 

transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figures 2 and 3 is based on T j(p|<) = 200°C; Tq 
is variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 


FIGURE 4 - DC CURRENT GAIN 


FIGURE 5 - COLLECTOR-SATURATION REGION 





2N3445 

thru 

2N3448 



HIGH-SPEED SILICON ANNULAR 
NPN POWER TRANSISTORS 

... for switching and amplifier applications 

FEATURES 

• Fast Switching: Total Switching Time - 1.2 ^s (Typ) @ 5.0 A 

• High Gain: H F E = 40 to 120 @ 5.0 Amps (2N3447-48) 

• Guaranteed DC Safe Area: 1 .5 Amps (Min) @ VcE = 40 Vdc 

• Low VcE(sat) : TO Volt (Typ), 1.5 Volts (Max) @ 5.0 Amps 

• Excellent Beta Linearity 
APPLICATIONS 

• Specified safe area of this series allows reliable design for inverters, 
converters, hammer, and servo drivers. 

• Fast response makes it ideal for series regulators; high switching 
speeds enhance its use in switching regulators. 

• Wide bandwidth and flat beta hold-up result in exceptional ampli- 
fier characteristics. 


7.5 AMPERE 

POWER TRANSISTORS 
SILICON NPN 


60-80 VOLTS 
115 WATTS 



MAXIMUM RATING 


Rating 

Symbol 

2 N 3445 

2N3447 

2N3446 

2N3448 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

10 

Vdc 

Collector Current-Continuous 

•c 

7.5 

Adc 

Base Current - Continuous 

>B 

4.0 

Adc 

Total Device Dissipation 

PD 

Figure 1, 2 j Figure 1, 3 

Watts 

Operating Junction Temperature 

Range 

Tj 

-65 to +200 

°C 




A — 

c 

L 

J=E=3d 


r 

E s 

L 

EATING 

~T 

=! L 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


mm 

nmiuiutw 

■KlQUOBI 



■ '.rm 


■ i'i hYM 

A 


in 


Mi 

B 

- 

EDE3I 

- 


C 

BM 

ml* 

Ml 


1 mm 

09 

1.09 

0.039 

0.043 

E 

- 

MEM 

- 

■Ufoli 

F 



1.177 

1.197 

G 

10.67 

11.18 

0.420 

■iltEUl 

mim 



giyiTil 


j 


IHE1 

■ilxj-j 


K 

mm 



EZEJDI 

a 



■ill4lfc 

mm 

R 

- 


- 



Collector connected to case. 
CASE 11-01 
(TO-3) 
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2N3445 thru 2N3448 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Emitter-Base Cutoff Current 


<EBO 




mAdc 

(V EB = 6 Vdc) 

2N3445, 2N3447 


- 


0.25 


(V EB = 10 Vdc) 

2N3446, 2N3448 


- 

- 

0.25 


Collector-Emitter Cutoff Current 


>CEX 




mAdc 

(V CE = 60 Vdc, V BE = -1 Vdc) 

2N3445, 2N3447 


- 

- 

0.1 


(V CE = 60 Vdc, V BE = -1 Vdc, T c = 1 50°C) 

2N3445, 2N3447 


- 

- 

1.0 


(V CE = 80 Vdc, V BE = -1 Vdc) 

2N3446, 2N3448 


- 

- 

0.1 


(V CE = 80 Vdc, V BE = -1 Vdc. T C = 150°C) 

2N3446, 2 N 3448 


- 

- 

1.0 


Collector-Emitter Cutoff Current 


•CEO 




mAdc 

(V CE = 40 Vdc. I B = 0) 

2N3445, 2N3447 


- 

- 

1.0 


(V CE = 60 Vdc, l B = 0) 

2N3446, 2N3448 


- 

- 

1.0 


Collector-Base Breakdown Voltage 


BVcbO 




Vdc 

(Iq = 1 mAdc, l E = 0) 

2N3445, 2N3447 


80 

- 




2N3446, 2N3448 


100 

- 

- 


Collector-Emitter Sustaining Voltage 


v CEO(sus) 




Vdc 

(l c = 100 mAdc, l B = 0) 

2N3445, 2N3447 


60 

- 

- 



2N3446, 2N3448 


80 

- 

- 


DC Current Gain 


h FE 




_ 

(l C = 0.5 Adc, V CE = 5 Vdc) 

2N3445, 2N3446 


20 

45 

- 



2N3447, 2N3448 


40 

85 

- 


Oc = 3 Adc, Vce = 5 Vdc) 

2N3445, 2N3446 


20 

40 

60 


Oc = 5 Adc, Vq E = 5 Vdc) 

2N3447, 2N3448 


40 

75 

120 


Collector-Emitter Saturation Voltage 


v CE(sat) 




Vdc 

(IC = 3 Adc, l B = 0.3 Adc) 

2N3445, 2N3446 


- 

0.6 

1.5 


(l c = 5 Adc, l B = 0.5 Adc) 

2N3447, 2N3348 


- 

0.8 

1.5 


Base-Emitter Saturation Voltage 


v BE (sat) 




Vdc 

Oc = 3 Adc, l B = 0.3 Adc) 

2N3445, 2N3446 


— 

1.0 

1.5 


dc= 5 Adc, l B = 0.5 Adc) 

2N3447, 2N3338 


- 

1.0 

1.5 


Base-Emitter Voltage 


V BE 




Vdc 

0 C = 3 Adc, V CE = 5 Vdc) 

2N3445, 2 N 3446 


- 

1.0 

1.5 


(Iq = 5 Adc, Vce = 5 Vdc) 

2N3447, 2N3448 


- 

1.0 

1.4 


Small Signal Current Gain 


hfe 




- 

(V CE = 10 Vdc, l C = 0.5 Adc, f = 1 KHz) 

2N3445, 2N3446 


20 

- 

100 



2N3447, 2N3448 


40 

- 

200 


(Vce = 10 Vdc, lc = 0.5 Adc, f = 10 MHz) 

All Types 


1.0 

1.6 

- 


Common Base Output Capacitance 


^ob 




pf 

(V C B = 10 Vdc, f = 0.1 MHz) 

All Types 


- 

260 

400 


Switching Times 






MS 

(Vcc = 25 Vdc, R E - 5 ohms, lc = 5 A, l B i = 

l B 2 = 0.5 A) 






Delay Time plus Rise Time 


*d + V 

- 

0.15 

0.35 


Storage Time 


*s 

- 

0.9 

2.0 


Fall Time 


tf 

- 

0.15 

0.35 



SAFE OPERATING AREAS 


FIGURE 2 - 2N3445, 2N3447 




V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area 
Curves indicate lc — Vce 
limits below which the de- 
vice will not go into secon- 
dary breakdown. Collector 
load lines for specific cir- 
cuits must fall within the 
applicable Safe Area to 
avoid causing a collector- 
emitter short. (Duty cycle 
of the excursions make no 
significant change in these 
safe areas.) To insure opera- 
tion below the maximum 
Tj the power-temperature 
derating curve must be ob- 
served for both steady state 
and pulse power conditions. 
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2N3583 thru 2N3585, 2N4240 npn. 
2N6420 thru 2N6423 pnp 


(M) MOTOROLA 


COMPLEMENTARY MEDIUM-POWER HIGH VOLTAGE 
POWER TRANSISTORS 


. . . designed for high-speed switching and linear amplifier applica- 
tions for high-voltage operational amplifiers, switching regulators, 
converters, inverters, deflection stages and high fidelity amplifiers. 


• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 175 to 300 Vdc @ lc - 200 mAdc 

• Second Breakdown Collector Current — 

l s /b = 350 mAdc @ Vqe = 100 Vdc - NPN 
= 150 mAdc @ Vqe = 100 Vdc - PNP 

• Usable DC Current Gain to 2.0 Adc 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N3583 

2N6420 

2N3584 

2N6421 

2N3585 

2N6422 

2N4240 

2N6423 

Unit 

Collector-Emitter Voltage 

VCEO 

175 

250 

300 

300 

Vdc 

Collector-Base Voltage 

V CB 

250 

375 

500 

500 

Vdc 

Emitter-Base Voltage 

V EB 

— 6.0 — 

Vdc 

Collector Current— Continuous 

•c 

1.0 


— 

2.0 — 


— - 

Adc 

—Peak (1 ) 


5.0 


— 

5.0 — 


— - 


Base Current 

>B 

1.0 — 

Adc 

Total Power Dissipation 

Pd 








Watts 

@ T c - 25°C, 


— - 


35 - 





Derate above 25°C 




0.2 




W/°C 

Operating and Storage June- 

T J- T stg 



65 to +200 — 



°C 

tion Temperature Range 











THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

5.0 

°C/W 

* Indicates JEDEC Registered Data 









(1) Pulse Test: Pulse Width = 

5.0 ms. Duty Cycle < 10%. 







1.0 AND 2.0 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

250-500 VOLTS 
35 WATTS 



I- — u— I 



STYLE 1: I 


PIN 1. BASE 

2. EMITTER 

CASE: COLLECTOR 

iV 

s 

Y 

d J 



L i 

H \ 

ft 1 

I \Y ' 


S 


DIM 

MILLIIV 

ETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

0 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 1 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6423 - PNP 


ELECTRICAL CHARACTERISTICS <Tq = 25°C unless otherwise noted.) 






NPN 

PNP 


Characteristic 

NPN 

PNP 

Symbol 

Min | Max 

Min j Max 

Unit 


•OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(l C = 200 mAdc, l B = 0) NPN 

(l C = 50 mAdc, l B = 0) PNP 

2N3583 

2N3584 

2N3585 

2N4240 

2N6420 

2N6421 

2N6422 

2N6423 

<? 

m 

O 

c 

175 

250 

300 

300 

- 

175 

250 

300 

300 

- 

Vdc 

Collector Cutoff Current 



•CEO 





mAdc 

(V C E = 150 Vdc, l B = 0) 

2N3583 

2N6420 


- 

10 

- 

10 



2 N 3584 

2N6421 


- 

5.0 

- 

5.0 



2N3585 

2N6422 


- 

5.0 

- 

5.0 



2N4240 

2N6423 


- 

5.0 

— 

5.0 


Collector Cutoff Current 



'CEX 





mAdc 

(V CE = 225 Vdc, V BE(off ) = 1.5 Vdc) 

2N3583 

2N6420 


- 

1.0 

- 

1.0 


<V CE - 340 Vdc, V BE ( off ) = 1.5 Vdc) 

2N3584 

2N6421 


- 

1.0 

- 

1.0 


( V CE = 450 Vdc, V B E ( of f) = 1.5 Vdc) 

2N3585 

2N6422 


- 

1.0 

- 

1.0 



2N4240 

2N6423 


— 

2.0 

— 

2.0 


( V CE = 225 Vdc, V BE ( off ) = 1.5 Vdc, T c = 150 U C) 

2N3583 

2N6420 


- 

3.0 

- 

3.0 


(V C E = 300 Vdc, V BE(off ) = 1.5 Vdc, T c = 150°C) 

2 N 3584 

2N6421 


- 

3.0 

- 

3.0 



2N3585 

2N6422 


- 

3.0 

- 

3.0 



2N4240 

2N6423 


- 

5.0 

- 

5.0 


Emitter Cutoff Current 



'EBO 





mAdc 

( V BE = 6.0 Vdc, l C = 0) 

2N3583 

2N6420 


- 

5.0 

- 

5.0 



2N3584 

2N6421 


- 

0.5 

- 

0.5 



2N3585 

2N6422 


- 

0.5 

- 

0.5 



2N4240 

2N6423 


- 

0.5 


0.5 



ON CHARACTERISTICS (1) 


DC Current Gain 

All 

All 

h FE 





- 

(l C = 0.1 Adc, V CE = 10 Vdc) 




40 

- 

40 

- 


*(l c = 0.5 Adc, V CE = 10 Vdc) 

2N3583 

2N6420 


40 

200 

40 

200 


*(l c = 0.75 Adc, Vqe = 2.0 Vdc) 

2N4240 

2N6423 


10 

100 

10 

100 


(l c = 0.75 Adc, V C E = 10 Vdc) 

2N4240 

2N6423 


30 

150 

30 

150 


*<I C = 1.0 Adc, V CE = 2.0 Vdc) 

2 N 3584 

2N6421 


8.0 

80 

8.0 

80 



2N3585 

2N6422 


8.0 

80 

8.0 

80 


(l c = 1.0 Adc, V CE = 10 Vdc) 

2 N 3583* 

2N6420 


10 

- 

10 

- 



2 N 3584 

2N6421 


25 

100 

25 

100 



2 N 3585 

2N6422 


25 

100 

25 

100 


•Collector-Emitter Saturation Voltage 



VcE(sat) 





Vdc 

0c = 0.75 Adc, l B = 75 mAdc) 

2N4240 

2N6423 


- 

1.0 

- 

1.0 


(1C = 1.0 Adc, l B = 125 mAdc) 

2N3583 

2N6420 


- 

5.0 

- 

5.0 



2N3584 

2N6421 


- 

0.75 

- 

0.75 



2N3585 

2N6422 


- 

0.75 

- 

0.75 


•Base-Emitter Saturation Voltage 



VBE(sat) 





Vdc 

(Iq = 0.75 Adc, l B = 75 mAdc) 

2N4240 

2N6423 


- 

1.8 

- 

1.8 


(l c = 1.0 Adc, l B = 100 mAdc) 

2N3584 

2N6421 


- 

1.4 

- 

1.4 



2N3585 

2N6422 


- 

1.4 

- 

1.4 


Base-Emitter On Voltage 

All 

All 

v BE(on) 





Vdc 

(l c = 1.0 Adc, V CE = 10 Vdc) 





1.4 

- 

1.4 



•Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 
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2N3583 thru 2N3585 • 2N4240 - NPN 
2N6420 thru 2N6423 - PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 






NPN 

PNP 


Characteristic 

NPN 

PNP 

Symbol 

BliB 

mcsmimEsismi 

Unit 


DYNAMIC CHARACTERISTICS 


*Current Gain — Bandwidth Product'^ 

(l c = 200 mAdc, Vqe = 10 Vdc, f test = 5.0 MHz) 

2N3583 
2 N 3584 
2N3585 
2N4240 

2N6420 

2N6421 

2N6422 

2N6423 


10 

15 

■ 

10 

15 

■ 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

All 


c ob 


120 


120 

pF 

*Small-Signal Current Gain 

Oc = 100 mAdc, V CE = 30 Vdc, f = 1.0 kHz) 




25 

350 

25 

350 

- 


* SWITCHING CHARACTERISTICS 


Rise Time 

(V CC = 200 Vdc, lc = 1.0 Adc, R L = 200 Ohms, 

I B 1 = 100 mAdc) 

(V cc = 200 Vdc, lc = 0.75 Adc, Rj_ = 267 Ohms, 

1 b 1 = 75 mAdc) 

2N3584 

2N3585 

2N4240 

2N6421 

2N6422 

2N6423 

■ 

1 

3.0 

0.5 

■ 

3.0 

0.5 

■ 

Storage Time 



mi 

|| 


|| 


mmn 

(V C c = 200 Vdc, lc = 10 Adc, 

2N3584 

2N6421 

| - | 


4.0 


4.0 

i i 

1 b 1 = 'B2 = 100 mAdc) 

2N3585 

2N6422 

| | 

ii 




^^M 

(V C c = 200 Vdc, lc = 0.75 Adc, 

2N4240 

2N6423 

■ 

i 

6.0 


6.0 

' | 

*B1 = *B2 = 7 ^ mAdc) 




ssi 


|| 


|| 

Fall Time 



mm 

i mi 


MM 


MS 

(V C c = 200 Vdc, lc = 1.0 Adc, 

2N3584 

2N6421 


^^i 



3.0 


1 b 1 = *B2 = 10° mAdc) 

2N3585 

2N6422 

v -'1 

ii 


i 



(Vcc = 200 Vdc, lc = 0.75 Adc, 

2N4240 

2N6423 

| 




3.0 


1 b 1 = (B2 = 75 mAdc) 



■ 

■ 


■ 




Second Breakdown Collector Current 





■mu 


MM 

mAdc 

(V C E = 100 Vdc) 

All 



M 

150 

B 



* Indicates JEDEC Registered Data 
(Dfy = |hf e | • ftest- 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
D i MUST BE FAST RECOVERY TYPE, eg: 

MBD5300 USED ABOVE 1b * 100 mA 
MSD6100 USED BELOW Ib = 100 mA 
FOR td and t r , 01 IS DISCONNECTED AND V2 = 0. 

FOR PNP TEST CIRCUIT, REVERSE DIODE AND VOLTAGE POLARITIES. 
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fj. CURRENT GAIN -BANDWIDTH PRODUCT (MHz) t, TIME (jus) t, TIME (/is) 
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FIGURE 4 - 

70 n i r n 
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2N3583 thru 2N3585 • 2N4240 
2N6420 thru 2N6423 - PNP 


FIGURE 6 - THERMAL RESPONSE 


1.3 
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DUTY CYCLE, D=tl/t2 


D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME AT tl 


Tj(pk) = Tc = P(pk) RflJC(t) 


ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 7 - 2N3583 thru 2N3585, 2N4240 


FIGURE 8 - 2N6420 thru 2N6423 




nmaml 


ISMS 


BONDING WIRE LIMIT! i I 
THERMAL LIMIT (SINGLE PULSE) 
SECOND BREAKDOWN LIMIT 
CURVES APPLY BELOW = 
RATED VpfO I E E 


■■■■■ 


Kiiil 


50 70 100 200 300 


VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


3.0 5.0 7.0 10 20 30 50 70 100 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 - POWER DERATING 


SECOND —I 

BREAKDOWN DERATING 


-THERMAL+-> 

DERATING 


80 100 120 140 160 180 200 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figures 7 and 8 is based on Tq = 25°C; Tj(pj<) 
is variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated for 
temperature according to Figure 9. 

Tj(pk) may be calculated from the data in Figure 6. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. Second breakdown limitations do not derate 
the same as thermal limitations. Allowable current at the voltages 
shown on Figures 7 and 8 may be found at any case temperature 
by using the appropriate curve on Figure 9. 


Tc, CASE TEMPERATURE (°C) 
















2N3713 thru 2N3716 NPN 


(M) MOTOROLA 


1.3 


SILICON NPN POWER TRANSISTORS 

. . . designed for medium-speed switching and amplifier applications. 
These devices feature: 

• Total Switching Time at 3 A typically 1.15 jus 

• Gain Ranges Specified at 1 A and 3 A 

• Low VcE(sat) : typically 0.5V at lc = 5A and lg = 0.5A 

• Excellent Safe Operating Areas 

• Complement to 2N3789-92 


10 AMPERE 

POWER TRANSISTORS 
SILICON NPN 

60-80 VOLTS 
150 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3713 

2N3715 

2N3714 

2N3716 

Unit 

Collector-Base Voltage 

V CB 

80 

100 


Collector-Emitter Voltage 

v CEO 

60 

80 

BSE29I 

Emitter-Base Voltage 

< 

m 

CD 

7.0 

7.0 

WBEEM 

Collector Current 

•c 

10 

10 

HSESt 

Base Current 

*B 

4.0 

4.0 


Power Dissipation 

PD 

150 

150 

Watts 

Thermal Resistance 

9 JC 

1.17 

1.17 

°C/W 

Operating Junction and 

Storage Temperature Range 

Tj and 
T stg 

-65 to +200 

°C 




3- 


£ i; 


— u I 

SEATING U 1_ 

PLANE 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


mi 


INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

mm 

- 


- 

mmm 

\wm 


WMSM 

BEEl 


D 

HEM 

1.09 

EjHl 

WEM\ 

E 

- 


- 

bei 

F 

ESIEM 

EEl 

1.177 

1.197 

mm 

10.67 

11.18 



H 

5.33 

5.59 

■iwhb 


mm 

iixim 

IBM 


UtuM* 

K 

11.18 

12.19 

BKmi 

MuEftnl 

HEB 



ULXidl 

msm 

mm 

- 

E3M 

- 



Collector connected to c 
CASE 11-01 
(TO-3) 
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SWITCHING TIMES (/t 


2N3713 thru 2N3716 NPN 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

Eniitter-Base Cutoff Current 


^BO 





mAdc 

(V EB = 7 Vdc) 

All Types 

— 



5 


Collector- Emitter Cutoff Current 


*CEX 





mAdc 

(V C£ = 80 Vdc, V BE = -1:5 Vdc) 

2N3713, 2N3715 

— 



1 


(V CE = 100 Vdc, V B£f -1.5 Vdc) 

2N3714, 2N3716 


— 



1 


(V rP = 60 Vdc, V RP - -1.5 Vdc, T r = 150°C) 

2N3713, 2N3715 


— 



10 


(V CE =80 Vdc, V fiE = -1.5 Vdc, T c = 150°C) 

2N3714, 2N3716 


— 



10 


Collector-Emitter Sustaining Voltage* 


^CEO(sus)* 





Vdc 

(I c = 200 mAdc, I B = 0) 

2N3713, 2N3715 

60 



— 


2N3714, 2N3716 


80 



— 


DC Current Gain * 


h FE* 







(I c = 1 Adc. VcE = 2 Vdc) 

2N3713, 2N3714 

25 



90 


2N3715, 2N3716 


50 



150 


(I c * 3 Adc, V C£ = 2 Vdc) 

2N3713, 2N3714 


15 



— 


2N3715, 2N3716 


30 





Collector- Emitter Saturation Voltage * 


V CE(sat) * 





Vdc 

(I c = 5 Adc, I B = 0.5 Adc) 

2N3713, 2N3714 

— 



1.0 


2N3715, 2N3716 


— 



0.8 


Base-Emitter Saturation Voltage* 


v BE(sat) * 





Vdc 

(I c = 5 Adc, I B = 0.5 Adc) 

2N3713, 2N3714 

— 



2.0 


2N3715, 2N3716 


— 



1.5 


Base-Emitter Voltage* 


V BE* 





Vdc 

(I c - 3 Adc, V CE = 2 Vdc) 

All Types 

__ 



1.5 


Small Signal Current Gain 


hf e 





— 

(V CE = 10 Vdc, I c = 0.5 Adc, f = 1 MHz) 

All Types 


4 



— 


Switching Times (Figure 2) 




Typ 


MS 

(I £ — 5 A, lg^ = I B 2 = 0.5 Adc) 















Rise Time 


tr 


0.45 



Storage Time 


t s 


0.3 



Fall Time 




0.4 




♦Use sweep test to prevent overheating 


FIGURE 2 - TYPICAL SWITCHING TIMES 



o.i I 1 I I 1 L [I N I 1 I I I I 

0 1 0.2 0.3 0 5 0.7 1.0 2.0 3.0 5.0 

l c , COLLECTOR CURRENT (AMPS) 


TEST CIRCUIT 
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I* BASE CURRENT (mA) l c , COLLECTOR CURRENT (AMPS) 


2N3713 thru 2N3716 NPN 


1.3 


FIGURE 3 - COLLECTOR CURRENT versus BASE CURRENT 



0.1 0.2 0.5 1.0 2.0 


5.0 10 20 50 100 200 500 1000 

l B , BASE CURRENT (mA) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1000 

l B , BASE CURRENT (mA) 




V BE , BASE-EMITTER VOLTAGE (VOLTS) V BE , BASE-EMITTER VOLTAGE (VOLTS) 


NOTE 1. Dotted line indicates metered base current plus the Icbo of the transistor at 175°C . 
NOTE 2. Pulse test : pulse width 200 nsec, duty cycle 1.5% 





Ic, COLLECTOR CURRENT (mA) Vbemj BASE-EMITTER SATURATION VOLTAGE (VOLTS) VcE(»t), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


2N3713 thru 2N3716 NPN 


FIGURE 6 - COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 



l B , BASE CURRENT (mA) 


FIGURE 7 - BASE-EMITTER SATURATION VOLTAGE VARIATIONS 



10 20 30 50 70 100 200 300 500 700 1000 


l B , BASE CURRENT (mA) 


FIGURE 8 - COLLECTOR CURRENT versus 
BASE-EMITTER VOLTAGE 


FIGURE 9 - COLLECTOR CURRENT versus 
BASE-EMITTER RESISTANCE 




1 10 100 1000 10,000 


Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


R be , EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 




b, CURRENT GAIN - BANDWIDTH PRODUCT (me) h FE , CURRENT GAIN h FEl CURRENT GAIN 


2N3713 thru 2N3716 NPN 



.01 .02 .03 .05 .07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l c , COLLECTOR CURRENT (AMPS) 




lc, COLLECTOR CURRENT (AMRS) 
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2N3713 thru 2N3716 NPN 


SAFE OPERATING AREAS 




0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 90 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate I r — V CE limits 
below which the device will not go into secondary break- 
down. Collector load lines for specific circuits must fall 
within the applicable Safe Area to avoid causing a collector- 
emitter short. (Duty cycle of the excursions make no signifi- 


cant change in these safe areas.) To insure operation below 
the maximum T,, the power-temperature derating curve 
must be observed for both steady state and pulse power 
conditions. 
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SILICON PNP POWER TRANSISTORS 

. . . designed for high-speed, medium-current switching and high- 
frequency amplifier applications. 

• Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 4 0 Vdc (Min) - 2N3719,2N3867 
= 60 Vdc (Min) - 2N3720,2N3868 
= 80 Vdc (Min) - 2N6303 

• DC Current Gain — 

hFE = 25-180 @lc = 1.0 Adc - 2N371 9,2N3720 
= 40-200 @I C = 1.5 Adc -2N3867 
= 30-150 @ l C = 1.5 Adc - 2N3868,2N6303 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) =0.75 Vdc @ lc= 1.0 Adc - 2N3719,2N3720 

= 0.75 Vdc @ lc = 1 .5 Adc - 2N3867,2N3868, 

2N6303 

• High Current-Gain — Bandwidth Product — 

fj = 90 MHz (Typ) 

• 2N3867 JAN and 2N3868 JAN also Available 
MAXIMUM RATINGS 


3 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

40,60,80 VOLTS 
6 WATTS 




2N3719 

2N3720 


Symbol 

2N3867 

2N3868 

2N6303 


Collector Current — Continuous 
Peak 

Base Current 


I Total Device Dissipation @ Tc = 25 C 
Derate above 25°C 


Total Device Dissipation @ T^ = 25 C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Characteristic 

Thermal Resistance, Junction to Case 
Thermal Resistance, Junction to Ambient 


’Indicates JEDEC Registered Data 



- POWER DERATING 



MILLIMETERS INCHES 
DIM MIN | MAX MIN | MAX 


B 

7.75 

8.51 

0.305 0.335 

C 

6.10 

6.60 

0.240 0.260 

D 

0.406 

0.533 

0.016 0.021 

E 

0.229 

3.18 

0.009 0.125 

F 

0.406 

0.483 

0.016 0.019 

G 

5.08 BSC 

0.200 BSC 

H 

0.711(0.864 

0.028 0.034 

J 

0.734 1.14 

0.029 0.045 

K 

38.10 

- 

1.500 - 

L 

6.35 

- 

0.250 - 

M 

45° BSC 

45° BSC 

N 

2.54 BSC 

0.100 BSC 

P 

— 

1.27 

- 0.050 

R 

2.54 

- 

0.100 - 

S 

- 

0.179 

- 0.007 


All JEDEC dimensions and notes apply. 
CASE 31-03 

















2N3719, 2N3720, 2N3867, 2N3868, 2N6303 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(Iq = 20 mAdc, l B = 0) 

2N3867 

2N3868 

2N6303 

VcEO(sus) 

■ 

- 

Vdc 

Collector-Base Breakdown Voltage 


bv cbo 



Vdc 

(l C = 100 M Adc. I E = 0) 

2N3867 



- 



2N3868 



- 



2N6303 


■91 

- 


Emitter- Base Breakdown Voltage 


bv EB o 



Vdc 

(l E = 100 MAdc. I C = 0) 



4.0 

- 


Collector Cutoff Current 


*CEX 



MAdc 

(V C E = Rated V CB , V BE(off) = 2.0 Vdc) 



- 

1.0 


Collector Cutoff Current 


'CBO 



MAdc 

(V CB = Rated V CB , 'e = 0, T C = 150°C) 



- 

150 



ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 500 mAdc, V CE = 1.0 Vdc) 2N3867 

2N3868, 2N6303 

(l C = 1 5 Adc, V CE = 2.0 Vdc) 2N3867 

2N3868, 2N6303 

(IC = 2.5Adc, V C E = 3.0Vdc) 2N3867 

2N3868, 2N6303 

(l c = 3.0 Adc, V CE = 5.0 Vdc) 2N3867 

2N3868, 2N6303 

hFE 

50 

35 

40 

30 

25 

20 

20 

200 

150 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Iq = 500 mAdc, l B = 50 mAdc) 


- 

0.5 


(l C = 15 Adc, l B = 150 mAdc) 


- 

0.75 


(Iq = 2.5 Adc, l B = 250 mAdc) 


- 

1.3 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(Iq = 500 mAdc, l B = 50 mAdc) 


- 

1.0 


(Iq = 1.5 Adc, l B = 150 mAdc) 


0.9 

1.4 


(Iq = 2.5 Adc, l B = 250 mAdc) 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(Iq = 100 mAdc, Vq E = 5.0 Vdc, f test = 20 MHz) 

fT 

60 

- 

MHz 

Output Capacitance 
(Vq B = 10 Vdc, l E = 0, f = 0.1 MHz) 

o 

o 

- 

120 

LL 

a 

Input Capacitance 

(V EB = 3.0 Vdc, Iq = 0, f = 0.1 MHz) 

Cib 

- 

1000 

pF 

SWITCHING CHARACTERISTICS 

- 




Delay Time 

(V CC ~ 30 Vdc. V BE ( 0 f f) = 0, 

t d 

- 

35 

ns 

Rise Time 

Iq = 1.5 Adc. I B -| = 150 mAdc) 

t r 

- 

65 

ns 


(Vqq = 30 Vdc, Iq = 1.5 Adc, 

t S 

- 

325 

ns 

Fall Time 

1 b 1 = *B2 = 1B0 mAdc) 

tf 

- 

75 

ns 


‘Indicates JE DEC Registered Data 

(1) Pulse Test: Pulse Width ^ 300 ms, Duty Cycle ^ 2.0%. 

(2) fj = |hf e |e ^test- 















































2N3719, 2N3720, 2N3867, 2N3868, 2N6303 


•ELECTRICAL CHARACTERISTICS <Tq = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


v CEO(sus) 



Vdc 

(Iq = 20 mAdc, l B = 0) 

2N3719 


40 

- 



2N3720 


60 

- 


Collector Cutoff Current 


'CEX 




(V C E = 40 Vdc, V BE(of f) = 2.0 Vdc) 

2N3719 


- 

10 

juAdc 

(V C E = 60 Vdc, V BE ( 0 ff) = 2.0 Vdc) 

2N3720 


- 

10 


( V C E = 40 Vdc, V BE ( 0 ff) = 2.0 Vdc, T C = 1 50°C) 

2N3719 


- 

1.0 

mAdc 

( V C E = 60 Vdc, V BE (off) = 2.0 Vdc, T C - 1 50°C) 

2N3720 


- 

1.0 


Collector Cutoff Current 


>CBO 




(V C b = 40 Vdc, l E = 0) 

2N3719 


- 



(V C b = 60 Vdc, l E = 0) 

2N3720 


- 



Emitter Cutoff Current 


•ebo 



mAdc 

(V B e = 4.0 Vdc, l C = 0) 



- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 
(l C - 500 mAdc,VQ E =1.5 Vdc) 

(l C = 1.0 Adc, Vqe = 1.5 Vdc) 

(l C = 1.0 Adc, Vqe = 1.5 Vdc, T C = -40°C) 

h FE 

20 

25 

15 

180 


Collector-Emitter Saturation Voltage 

VcE(sat) 


. . . — 

Vdc 

(l C = 1.0 Adc, l B = 100 mAdc, T c = -40°C to+100°C) 


- 

■ 


(Iq = 3.0 Adc, l B = 300 mAdc, T c = -40°C to +100°C) 


- 



Base-Emitter Saturation Voltage 

v BE(sat) 


■ 

Vdc 

(Iq = 1.0 Adc, l B = 100 rpAdc, T c = -40°C to +100°C) 


- 



(Iq = 3.0 Adc, l B = 300 mAdc, T C = -40°C to +100°C) 


- 

Mmam 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 500 mAdc, V CE = 10 Vdc, f test = 30 MHz) 

fj 

60 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

&ob 

- 

120 

pF 

Input Capacitance 

(V E b = 0 5 Vdc, l C = 0, f = 0.1 MHz) 

c ib 

1 

- 

1000 

pF 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(V CC = 12 Vdc, V BE{o ff) = 0, Iq = 1.0 Adc, I B 1 = 0.1 Adc) 

ton 

_ 

100 

ns 

Turn-Off Time 

(V CC = 12 Vdc, l C = 1.0 Adc, *B1 = *B2 = 100 mAdc) 

toff 

- 

400 

ns 


•Indicates JE DEC Registered Data 

(1) Pulse Test: Pulse Width ^ 300 /us. Duty Cycle = 2.0%. (2) fy = |hf e |ef test . 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


Vcc 



setV| = 0. 



0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 


1C, COLLECTOR CURRENT (AMP) 
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2N3719, 2N3720, 2N3867, 2N3868, 2N6303 


FIGURE 4 - THERMAL RESISTANCE 



1.3 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10% provided Tj( p k)<J 200°C. 
Tj(pk) may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 



0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 


1C. COLLECTOR CURRENT (AMP) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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1C, COLLECTOR CURRENT (pA) V, VOLTAGE (VOLTS) hfE. DC CURRENT GAIN 


2N3719, 2N3720, 2N3867, 2N3868, 2N6303 


1.3 


FIGURE 8 — DC CURRENT GAIN 



FIGURE 9 - COLLECTOR SATURATION REGION 



10 20 30 50 70 100 200 300 500 700 1000 


IB, BASE CURRENT (mA) 



0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

1C, COLLECTOR CURRENT (AMP) 



0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 


1C, COLLECTOR CURRENT (AMP) 




+ 0.1 0 - 0.1 - 0.2 - 0.3 - 0.4 + 0.1 0 - 0.1 - 0.2 - 0.3 - 0.4 


VBE, BASE-EMITTER VOLTAGE (VOLTS) 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 









2N3738, 2N3739 NPN 
2N6424, 2N6425 PNP 



MOTOROLA 


HIGH VOLTAGE COMPLEMENTARY SILICON 
POWER TRANSISTORS 

. . .designed for high-speed switching, linear amplifier applications, 
high-voltage operational amplifiers, switching regulators, converters, 
inverters, deflection stages and high fidelity amplifiers. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 225 Vdc @ l C = 5.0 mAdc (2N3738, 2N6424) 

= 300 Vdc @ lc = 5.0 mAdc (2N3739, 2N6425) 

• DC Current Gain - 

hpE = 40-200 @ lc - 100 mAdc 

• Current-Gain — Bandwidth Product — 

fj = 10 MHz (Min) @ lc = 100 mAdc 

• ls/b Rated to 2.0 Amperes 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N3738 

2N6424 

2N3739 

2N6425 

Unit 

Collector-Emitter Voltage 

v CEO 

225 

300 

Vdc 

Collector-Base Voltage 

V CB 

250 

325 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

TO i 

Adc 

— Peak 


2.0 


Base Current — Continuous 

■b 

0.50 

Adc 

— Peak 


1.0 


Total Device Dissipation @ Tq = 25°C 

Pd 

20 

Watts 

Derate above 25 °C 


0.133 

W/°C 

Operating and Storage Junction 

T J' T stg 

-65 to + 200 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

7.5 

°C/W 


* Indicates JEDEC Registered Data 



1.0 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

225, 300 VOLTS 
20 WATTS 




2. EMITTER 


CASE: COLLECTOR 


DIM 

MILLIIV 

IETERS 

INCHES < 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

_ 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JE0EC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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2N3738, 2N3739 NPIM/2N6424,2IM6425 PIMP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max | Unit 


*OFF CHARACTERISTICS 


Col lector- Emitter Sustaining Voltage (1) 


v CEO(sus) 



Vdc 

(l C = 5.0 mAdc, l B = 0) 

2N3738, 2N6424 


225 

- 



2N3739, 2N6425 


300 

- 


Collector-Emitter Cutoff Current 


'CEO 



mAdc 

(V CE = 125 Vdc, l B = 0) 

2N3738, 2N6424 


- 

0.25 


(V CE = 200 Vdc, l B = 0) 

2N3739, 2N6425 


- 

0.25 


Collector-Base Cutoff Current 


'CBO 



mAdc 

(V CB = 250 Vdc, l E = 0) 

2N3738, 2N6424 



0.1 


(V CB = 325 Vdc, l E =0) 

2N3739, 2N6425 


- 

0.1 


Collector Cutoff Current 


'CEV 



mAdc 

(V C E = 250 Vdc, V EB(off ) = 1.5 Vdc) 

2N3738, 2N6424 


- 

0.5 


(V CE = 300 Vdc, V EB(off) = 1.5 . Vdc) 

2N3739, 2N6425 


- 

0.5 


(V CE = 125 Vdc, V EB ( off ) = 1 .5 Vdc, T C = 100°C) 

2N3738, 2N6424 


- 

1.0 


(V C E = 200 Vdc, V E B(off) = 1-5 Vdc, T C = 100°C) 

2N3739, 2N6425 


- 

1.0 


Emitter-Base Cutoff Current 


'EBO 



mAdc 

(V EB = 6.0 Vdc) 



- 

0.1 



*ON CHARACTERISTICS 


DC Current Gain (1 ) 

UJ 

LL 

x: 



- 

(l C = 50 mAdc, V CE = 10 Vdc) 


30 

- 


(lC = 100 mAdc, V CE = 10 Vdc) 


40 

200 


(l C = 250 mAdc, V CE = 10 Vdc) 


25 



Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l C = 250 mAdc, 1 B = 25 mAdc) 


- 

2.5 

| 


Base-Emitter "ON'' Voltage (1) 

v BE(on) 



Vdc 

(lC = 100 mAdc, Vq E = 10 Vdc) 

- 

1.0 



SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 100 mAdc, V CE = 10 Vdc, f = 10 MHz) 

fT 

10 

_ 

MHz 

* Output Capacitance 

(Vq B = 100 Vdc, l E = 0, f = 100 kHz) 

^ob 

- 

20 

pF 

*Small-Signal Current Gain 

(lC = 100 mAdc, Vce = 20 Vdc, f = 1.0 kHz) 

^fe 

1 

i 

35 

- 

— 


* Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width ^300 ns, Duty Cycle ^2%. 

(2) fj = | hf e | • frequency 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


D1 Must Be Fast Recovery Type, e.g. 
MBD5300 Used Above l B = 100 mA 
MSD6100 Used Below I B = 100 mA 



t r , tf <10 ns 
Duty Cycle = 1.0% 


4.0 V 


R b and Rq Varied to Obtain Desired Current Levels 


For t d and t r , D1 is disconnected and V2 = 0 

For PNP test circuit, reverse diode and voltage polarities. 
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Ic, COLLECTOR CURRENT (AMP) 


2N3738, 2N3739 NPN/2N6424, 2N6425 PNP 



ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 4 - 2N3738, 2N3739 


FIGURE 5 - 2N6424, 2N6425 


I N. XKI I m\ ...I^ioomsI 

“5.0 >;500/isffc200/is^N 1 


-j-Tc = 25°C v 

- — BONDING WIRE LIMITED 

THERMALLY LIMITED 

(SINGLE PULSE) - 4 4 

— SECOND BREAKDOWN LIMITED ~|— 1~ F 
CURVES APPLY BELOW RATED VcE0“ 


_4_44_T C = 250c4_j |_ 

BONDING WIRE LIMITED 

_ THERMALLY LIMITED 

(SINGLE PULSE) 

I SECOND BREAKDOWN LIMITED 

CURVES APPLY BELOW RATED VcEO 



0 7.0 10 20 30 50 70 100 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of (Figures 4 and 5 is based on Tq = 25°C; Tj( p |<) is 
variable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj ( p |<) ^ 175°C. Tj( p |<) 
may be calculated from the data in Figure 3. At high case temp- 
eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figures 4 and 5 may be found at any case temperature by 
using the appropriate curve on Figure 1 . 


-91 








.. T -»r 15 ?° c 

I 

HI 

I 

II 

■ 

n 

■■■nil 


MiJI 

■ 

mu 

IS 

!■ 

II 

«i 

■! 

■ 

Saiiiiiiil 

D 

sssss 

=q 

ss 

■S 

■at 

«i 

kHB 

SS 

as 



am 

SSm 

= 

SB 

■■■■ 

■■■1 


S 


vaSSSSSS 

MBWNIII 

in 


— 

B 

3 

llll 

llll 

■HI 

III 

■ 

■»»»«»■ 

WSSHIKSt 

|ss 

ss 

SS 

ss 

SS 

■a 

■ H 

SI 

ss 

SS 

ss 

■aH^vui 

''"\1 T* Pita > f : 

« ■■■■ 

H 




s 

■«■■■£? 

sissmi 




iiiHisg 

IliiBBS 












MEDIUM-POWER PNP TRANSISTORS 


. . . ideal for use as drivers, switches and medium-power amplifier 
applications. These devices feature: 

• Low Saturation Voltage - 0.6 VcE(sat) @ >C = 10 Amp 

• High Gain Characteristics — hp£@ lc = 250 mA: 30-100 

• Excellent Safe Area Limits (See Figure 2) 

• Low Collector Cutoff Current — 

100 nA (Max) 2N3740A, 2N3741A 

• Complementary to NPN 2N3766 (2N3740) and 2N3767 (2N3741) 


^MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector-Base Voltage 


Collector Current — Continuous 
- Peak (Note 1) 


Base Current 


Total Device Dissipation @ Tq = 25 U C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


POWER TRANSISTORS 

PNP SILICON 




i— BauLUHEaniM l 

[IM WiIilHUgnTOiTiyiltf 


^HEHEIilSiniGIZEH 
■ Bi C501 BEH PTEOTj 


All JE0EC Dimensions and and Notes Appty- 

CASE 80-02 

(TO-66) 






















COLLECTOR CURRENT (AMP) 


2N3740, A, 2N3741, A 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

j ~ Characteristic | Symbol | Min | Max | UnTT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage CD 


VcEO(sus)^ 



Vdc 

(l C = 100 mAdc, l B = 0) 

2N3740, 2N3740A 


60 

- 


2N3741 , 2N3741A 


80 

- 


Emitter Base Cutoff Current 


'EBO 




(V EB = 7.0 Vdc) 

2N3740, 2N3741 

- 

0.5 

mAdc 


2N3740A, 2N3741A 



100 

nAdc 

Collector Cutoff Current 


j CEX 




(Vqe = 60 Vdc, v BE(off) = 1-5 Vdc) 

2N3740 

- 

100 

MAdc 


2N3740A 


— 

100 

nAdc 

(Vce = 80 Vdc, V BE ( off ) = 1.5 Vdc) 

2N3741 


- 

100 

/iAdc 


2N3741A 


- 

100 

nAdc 

(Vce = 40 Vdc. V BE(of f) = 1.5 Vdc,T C = 150°c) 

2N3740 


- 

1.0 

mAdc 

2N3740A 


— 

0.5 


(Vce * 60 Vdc, V BE (off) = 1 .5 Vdc, T C = 1 50°C) 

2N3741 


- 

1.0 

mAdc 


2N3741A 


— 

0.5 


Collector-Emitter Cutoff Current 


<CEO 




(V C E = 40 Vdc, l B = 0) 

2 N 3740 

- 

1.0 

mAdc 


2N3740A 


- 

1.0 

MAdc 

(Vce = 60 Vdc, l B = 0) 

2N3741 


- 

1.0 

mAdc 


2N3741A 


- 

1.0 

MAdc 

Collector Base Cutoff Current 


*CBO 




(V C B = 60 Vdc, l E = 0) 

2N3740 

- 

100 

MAdc 


2N3740A 


- 

100 

nAdc 

(V C b = B0 Vdc, l E =0) 

2N3741 


- 

100 

MAdc 


2N3741A 


- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(l C = 100 mAdc, V C E = TO Vdc) 

(l C = 250 mAdc, V C E = 1 0 Vdc) 

(l C = 500 mAdc, V C E = 10 Vdc) 

(l C = 1-0 Adc, V C E = 10 Vdc) 

hFE© 

40 

30 

20 

10 

100 


Collector-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 125 mAdc) 

VCE (sat)© 

- 

0.6 

Vdc 

Base-Emitter Voltage 
(lC = 250 mAdc, Vce = 10 Vdc) 

V BE© 

- 

1.0 

Vdc 


TRANSIENT CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 100 mAdc, V C E = 10Vdc,f= 1.0 MHz) 


3.0 

4.0 t 

- 

MHz 

Common Base Output Capacitance 
(V C b = 10 Vdc, l C = 0, f = 100 kHz) 

C 0 b 

- 

100 

pF 

Small-Signal Current Gain 
(lC = 50 mAdc, V C e = 10 Vdc, f = 1 .0 kHz) 

h fe 

25 




* Indicates JEOEC Registered Data. 

t Motorola guarantees this value in addition to the JEDEC registered data shown. 
© Pulse Test: Pulse Width ^ 300 ms, Duty Cycle ^2.0%. 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc — Vce limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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VOLTAGE (VOLTS) V CEl COLLECTOR-EMITTER VOLTAGE (VOLTS) h FEl DC CURRENT GAIN 


2N3740, A, 2N3741, A 


FIGURE 3 - CURRENT GAIN 



SATURATION REGION CHARACTERISTICS 

FIGURE 4 - COLLECTOR SATURATION REGION 



FIGURE 5 - "ON" VOLTAGES 


FIGURE 6 - TEMPERATURE COEFFICIENTS 
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l c , COLLECTOR CURRENT (AMP) 



r 1 - 5 ! 
- 2.0 1 


To compute saturation voltages : 

@ operating Tj = V_( saf ) @ +25°C + 0 V _ (operating Tj — 25°C) 
Use appropriate By for voltage of interest. 

Use appropriate curve for temperature range of interest. 

I 


By b for V| 



--55°C to +175 


100 200 300 400 500 600 700 

l c , COLLECTOR CURRENT (mA) 


800 900 1000 
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2N3766 

2N3767 



MOTOROLA 


MEDIUM-POWER NPN SILICON TRANSISTORS 

... for use in driver circuits, switching, 
and medium-power-amplifiers applica- 
tions. These high performance devices 
feature: 

• Low Saturation Voltage — 1.0 V CE(satJ @ l c = 500 mA 

• High Gain Characteristics — h FE = 40-160 @ l c = 500 mA 

• Packaged in the Compact, High-Efficiency TO-66 Case 

• Complementary to PNP 2N3740 (2N3766) and 2N3741 
(2N3767) 


MAXIMUM RATINGS 


Rating 

Symbol 

2N3766 

2N3767 

Unit 

Collector- Emitter Voltage 

V CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter- Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 


4.0 

Adc 

Base Current 

*B 

2.0 

Adc 

Total Device Dissipation @ T c = 25°C 
Derate above 25°C 

p d 

20 

0.133 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

7.5 

°c/w 



0 25 50 75 100 125 150 175 

T c , CASE TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 2. Both limits are applicable and must be observed. 


4 AMPERE 

POWER TRANSISTORS 

NPN SILICON 
60-80 VOLTS 
20 WATTS 



p 

J, 


- — u — - 


c 


1 — | 


f 1 


1 

t 



1 

'1 /- 
SEATING PLANE 

o 

— t; - 


STYLE 1: 



S 


G 1 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

0 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4,83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

~ 0 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

_ 

0.350 

T 

- . 

3.68 

- 

0.145 

U 


15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 
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2N3766, 2N3767 


ELECTRICAL CHARACTERISTICS (Tc = 25®C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 


Collector- Emitter Voltage <1) 



BV„„„ 



Vdc 

(I c = 100 mAdc, I B = 0) 

2N3766 


CEO 

60 




2N3767 



80 

— 


Emitter-Base Cutoff Current 



*EBO 



mAdc 

(V EB = 6.0 Vdc) 



— 

0.75 


Collector Cutoff Current 



*CEX 



mAdc 

(V CE = 80 Vdc, V BE = 1.5 Vdc) 

2N3766 


— 

0.1 


(V CE = 100 Vdc, V BE = 1.5 Vdc) 

2N3767 



— 

0.1 


(V rF . = 50 Vdc, Vmr - 1.5 Vdc, TV = 150°C) 

2N3766 



_ 

1.0 


(V CE = 70 Vdc, V BE = 1.5 Vdc, T c = 150°C) 

2N3767 



— 

1.0 


Collector-Emitter Cutoff Current 



X CEO 



mAdc 

(V CE = 60 Vdc, I B = 0) 

2N3766 


— 

0.7 


(V CE = 80 Vdc, I B = 0) 

2N3767 



— 

0.7 


Collector-Base Cutoff Current 



*CBO 



mAdc 

(V CB = 80 Vdc, I E = 0) 

2N3766 


— 

0.1 


(V CB = 100 Vdc, I E = 0) 

2N3767 



- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
(I c = 50 mAdc, V CE =5.0 Vdc) 


h FE 

30 



Gc = 500 mAdc, Vce = 5.0 Vdc) 



40 

160 


(I c = 1.0 Adc, V CE = 10 Vdc) 



20 

— 


Collector- Emitter Saturation Voltage 
(Ic = 1.0 Adc, I B = 0. 1 Adc) 


V CE(s£t) 



2.5 

Vdc 

(Ic = 500 mAdc, I B = 50 mAdc) 



_ 

1.0 


Base-Emitter Voltage 
(I c = 1.0' Adc, V CE = 10 Vdc) 


V BE 


1.5 

Vdc 


TRANSIENT CHARACTERISTICS 


Current- Gain - Bandwidth Product 
(l c = 500 mAdc, V CE = 10 Vdc, f = 10 MHz) 


— 

f x 

10 



MHz 

Common-Base Output Capacitance 
(V CB = 10 Vdc, Ic = 0 Adc, f = 100 kHz) 


C ob 


50 

pF 

Small-Signal Current Gain 
(Ic = 100 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 


kfe 

40 

— 

— 


HI Pulse Test: Pulse Width <300/is, Duty Cycle <2. 0%. 


FIGURE 2 - ACTIVE REGION SAFE AREAS 


The Safe Operating Area Curves indicate 
Ic-Vce limits below which the device will not 
go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) The load line may exceed the 
BVceo voltage limit only if the collector cur- 
rent has been reduced to 20 mA or less be- 
fore or at the BVces limit; then and only then 
may the load line be extended to the abso- 
lute maximum voltage rating of BV C bo. To 
insure operation below the maximum Tj, 
the power-temperature derating curve must 
be observed for both steady state and pulse 
power conditions. 

0 10 20 30 40 50 60 70 80 

V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 
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Ig, BASE CURRENT (mA) l c , COLLECTOR CURRENT (mA) 











VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N3766, 2N3767 


FIGURE 7 -CURRENT GAIN 



10 20 30 50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 


FIGURE 8 - COLLECTOR SATURATION REGION 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

It, BASE CURRENT (mA) 



10 20 30 50 100 200 300 500 1000 


FIGURE 10 - TEMPERATURE COEFFICIENTS 



l c , COLLECTOR CURRENT (mA) 
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0 100 200 300 400 500 600 700 800 900 1000 

l c , COLLECTOR CURRENT (mA) 









2N3771 2N3772 
2N6257 



MOTOROLA 


1.3 


HIGH POWER NPN SILICON POWER TRANSISTORS 

. . . designed for linear amplifiers, series pass regulators, and inductive 
switching applications. 

• Forward Biased Second Breakdown Current Capability 

l S /b = 3.75 Adc @ V C E = 40 Vdc - 2N3771 
= 2.5 Adc @ V C E = 60 Vdc - 2N3772 
= 3.75 Adc @ VcE = 40 Vdc - 2N6257 


20 and 30 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

40 and 60 VOLTS 
150 WATTS 



Rating 




EE2! 


Collector-Emitter Voltage 


40 

60 

40 

Kis 

Collector-Emitter Voltage 

V CEX 

50 

80 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

100 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

7.0 

5.0 

Vdc 

Collector Current — Continuous 

•c 

30 

20 

20 

Adc 

Peak 


30 

30 

30 


Base Current — Continuous 

*B 

7.5 

5.0 

5.0 

Adc 

Peak 


15 

15 

15 


Total Device Dissipation @ Tq = 25°C 

PD 


150 


Watts 

Derate above 25°C 



0.855 


W/°C 

Operating and Storage Junction 

Tj.T stg 

- 

65 to +200 

°C 

Temperature Range 








THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N3771, 2N3772, 2N6257 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.17 

°C/W 


* Indicates JEDEC Registered Data 


_ 200 

[= 175 

S 150 

I » 

I ,,ra 

o 75 

DC 

FIGURE 1 - POWER DERATING 
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SEATING U L 

PLANE 







STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

_ 1 

1.050 


Collector connected to case. 

CASE 11-01 
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2N3771, 2N3772, 2N6257 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic ) Symbol 1 Min j Max | Unit 1 


OFF CHARACTERISTICS 


‘Collector-Emitter Sustaining Voltage (1) 

(l C =0.2 Adc, l B =0) 

2N3771 

2N3772 

2N6257 

v CEO(sus) 

40 

60 

40 

- 

Vdc 

Collector-Emitter Sustaining Voltage 

2N3771 

v CEX(sus) 

50 

- 

Vdc 

(l c = 0.2 Adc, V EB ( 0 ff) = 1 .5 Vdc, R BE = 100 Ohms) 

2N3772 


80 

- 



2N6257 


50 

- 


Collector-Emitter Sustaining Voltage 

2N3771 

v CER(sus) 

45 

- 

Vdc 

(l C = 0.2 Adc, R BE = 100 Ohms) 

2N3772 


70 

- 



2N6257 


45 

— 


‘Collector Cutoff Current 


'CEO 



mAdc 

(V C e = 30 Vdc, l B = 0) 

2N3771 


- 

10 


(V C E = 50 Vdc, l B = 0) 

2N3772 


- 

10 


(Vqe = 25 Vdc, l B * 0) 

2N6527 


- 

10 


‘Collector Cutoff Current 


>CEV 



mAdc 

(Vqe = 50 Vdc, V EB ( 0 ff) = 1 .5 Vdc) 

2N3771 


- 

2.0 


(Vqe = 100 Vdc, V EB ( 0 ff) = 1 .5 Vdc) 

2N3772 


- 

5.0 


(Vqe = 45 Vdc, V EB ( 0 ff) = 1 .5 Vdc) 

2N6257 


- 

4.0 


(V CE = 30 Vdc, V EB ( off ) = 1 .5 Vdc, T c = 150°C) 

2N3771 


- 

10 



2N3772 


— 

10 


(V CE = 45 Vdc, V EB ( off ) = 1 .5 Vdc, T c = 150°C) 

2N6527 


- 

20 


‘Collector Cutoff Current 


>CBO 



mAdc 

(V CB = 50 Vdc, l E = 0) 

2N3771 


- 

2.0 



2N6257 


- 

4.0 


(V CB = 100 Vdc, l E = 0) 

2N3772 


- 

5.0 


‘Emitter Cutoff Current 


*EBO 



mAdc 

(V BE = 5.0 Vdc, Iq = 0) 

2N3771 


- 

5.0 



2N6257 


- 

10 


(V BE = 7.0 Vdc, Iq = 0) 

2N3772 


- 

5.0 



*ON CHARACTERISTICS 


DC Current Gain (1 ) 

(Iq = 15 Adc, Vq E = 4.0 Vdc) 

(Iq = 10 Adc, Vq E = 4.0 Vdc) 

(Iq = 8.0 Adc, Vq E = 4.0 Vdc) 

(Iq = 30 Adc, Vq E = 4.0 Vdc) 

(Iq = 20 Adc, V CE = 4.0 Vdc) 

2N3771 

2N3772 

2N6257 

2N3771 

2N3772 

2N6257 

-n 

m 

15 

15 

15 

5.0 

5.0 

5.0 

60 

60 

75 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(Iq = 15 Adc, l B = 1.5 Adc) 

2N3771 


- 

2.0 


(Iq = 10 Adc, l B = 1.0 Adc) 

2N3772 


- 

1.4 


(Iq = 8.0 Adc, l B = 0.8 Adc) 

2N6257 


- 

1.5 


(Iq = 30 Adc, l B = 6.0 Adc) 

2N3771 


- 

4.0 


(Iq = 20 Adc, 1 B = 4.0 Adc) 

2N3772 


- 

4.0 



2N6257 


- 

4.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(Iq = 15 Adc, V CE = 4.0 Vdc) 

2N3771 


- 

2.7 


(Iq = 10 Adc, Vq E = 4.0 Vdc) 

2N3772 


- 

2.2 


(Iq = 8.0 Adc, V CE = 4.0 Vdc) 

2N6257 


- 

2.2 



*DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(Iq = 1 .0 Adc, V CE = 4.0 Vdc, f test = 50 kHz) 

*T 

0.2 

- 

MHz 

Small-Signal Current Gain 

(Iq = 1 .0 Adc, Vq E = 4.0 Vdc, f = 1 .0 kHz) 

hfe 

40 

- 

- 


SECOND BREAKDOWN 


Second Breakdown Energy with Base Forward Biased, 


*S/b 



Adc 

t = 1 .0 s (non-repetitive) 





(Vce = 40 Vdc) 

2N3771 


3.75 

- 



2N6257 


3.75 

_ 


(Vce = 60 Vdc) 

2N3772 


2.5 

- 



indicates JEDEC Registered Data 
(1) Pulse Test: 300 ns, Rep. Rate 60 cps. 
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2N3771, 2N3772, 2N6257 


FIGURE 2 - THERMAL RESPONSE - 2N3771, 2N3772, 2N6257 



FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA - 2N3771, 2N3772, 2N6257 



2.0 3.0 5.0 7.0 10 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate \q - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

Figure 3 is based upon JEOEC registered Data. Second break- 
down pulse limits are valid for duty cycles to 10% provided 
Tj(pk) < 200°C. Tj(pk) may be calculated from the data of 
Figure 2. Using data of Figure 2 and the pulse power limits of 
F igure 3, Tj( p k) will be found to be less than Tj( max ) for pulse 
widths of 1 ms and less. When using Motorola transistors, it is 
permissible to increase the pulse power limits until limited by 
T J(max)- 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 4 - SWITCHING TIME TEST CIRCUIT 



t r , tf<10 ns 
OUTY CYCLE = 1.0% 


vcc 

+30 V 



RB AND Rc ARE VARIED TO. OBTAIN DESIRED CURRENT LEVELS 


Oi MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib *100 mA 
MSD6100 USED BELOW Ib «100 mA 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 


1C, COLLECTOR CURRENT (AMP) 
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hFE, DC CURRENT GAIN 


2N3771, 2ISI3772, 2N6257 






COMPLEMENTARY SILICON POWER TRANSISTORS 


The 2N3773 and 2N6609 are PowerBase power transistors de- 
signed for high power audio, disk head positioners and other linear 
applications. These devices can also be used in power switching cir- 
cuits such as relay or solenoid drivers, dc to dc converters or inverters. 


• High Safe Operating Area (100% Tested) 

150 W@100 V 

• Completely Characterized for Linear Operation 

• High DC Current Gain and Low Saturation Voltage 

hf e = 15 (Min) @8 A, 4 V 

v CE(sat) = 1-4 V (Max) @ l c = 8 A, l B = 0.8 A 


16 AMPERE 
COMPLEMENTARY 
POWER TRANSISTORS 



* MAXIMUM RATINGS 


Rating 


Collector Emitter Voltage 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
- Peak (1) 


Base Current — Continuous 
— Peak (1 ) 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Thermal Resistance, Junction to Case 

R 0JC 


* Indicates JED EC Registered Data 
(1) Pulse Test: Pulse Width = 5ms, Duty Cycle < 10% 
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2N3773 NPN/2N6609 PNP 


1.3 


ELECTRICAL CHARACTERISTICS {Tq = 25°C unless otherwise noted.) 


Characteristic 1 

Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS (1) 

•Collector-Emitter Breakdown Voltage 
(l c = 0.2 Adc, 1 B = 0) 

VcEO(sus) 

140 


Vdc 

•Collector-Emitter Sustaining Voltage 

VCEX(sus) 

160 

_ 

Vdc 

(1C “ 0.1 Adc, VBE( 0 ff) =1.5 Vdc, Rbe ~ 100 Ohms) 





Collector-Emitter Sustaining Voltage 

VcER(sus) 

150 

- 

Vdc 

(l c - 0.2 Adc. R B E = 100 Ohms) 





•Collector Cutoff Current 

•CEO 



mAdc 

(V C E = 120 Vdc, Ib = 0) 


- 

10 


•Collector Cutoff Current 




mAdc 

(V CE = 140 Vdc, V B E(off) - 1-5 Vdc) 


- 

2 


(V C E = 140 Vdc, V B E(off) = 1.5 Vdc, T c = 150°C) 


- 

10 


Collector Cutoff Current 

•CBO 

- 

2 

mAdc 

(V C b = 140 Vdc, l E = 0) 





•Emitter Cutoff Current 

*EBO 

- 

5 

mAdc 

(V B E = 7 Vdc, I C = 0) 





ON CHARACTERISTICS (1) 

DC Current Gain 

h FE 



_ 

*(I C = 8 Adc, Vq E = 4 Vdc) 


15 

60 


(l C = 16 Adc, V CE = 4 Vdc) 


5 



Collector-Emitter Saturation Voltage 

v CE(sat) 




*(«C = 8 Adc. Ib = 800 mAdc) 


— 

1.4 


(l C = 16 Adc, l B = 3.2 Adc) 


- 

4 


•Base-Emitter On Voltage 

VBE(on) 

- 

2.2 

Vdc 

(IC = 8 Adc, V CE = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Magnitude of Common-Emitter 

Small-Signal, Short-Circuit, Forward Current Transfer Ratio 
(l c = 1 A,f = 50 kHz) 

1 hf e 1 

4 

~ 

— 

•Small-Signal Current Gain 

(I C = 1 Adc, V CE = 4 Vdc, f = 1 kHz) 

h fe 

40 

- 

— 


SECON P BREA KPOWN CHAR ACTE R ISTI CS 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 

1.5 

- 

Adc 

t = 1 s (non-repetitive), Vce = 100 V, See Figure 12 





(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 


•Indicates JED EC Registered Data 
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2N3773 NPN/2N6609 PNP 


1.3 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate \q — Vqe limits of the tran- 
sistor that must be observed for reliable operation: i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 


The data of Figure 7 is based onTjjpk) =200°C;Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J(pk ) < 200°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 



Tq, CASE TEMPERATURE (°C) 


l 
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2N3789 thru 2N3792 



MOTOROLA 


SILICON PNP POWER TRANSISTORS 

. . . designed for medium-speed switching and amplifier applications. 
These devices feature: 

• Total Switching Time @3 A » 1 jus (typ) 

• Two Gain Ranges: 

hp E (min) = 15 and 30 @ 3 A (2N3789, 2N3790) 

25 and 50 @ 1 A (2N3791 , 2N3792) 

• Low VcE(sat) = 0.5 v (typ) @ lc = 4.0 A, I b = 0.4 A 

• Excellent Safe Area Limits 

• Complementary NPN types available — 2N3713 thru 2N3716 


MAXIMUM RATINGS 


Characteristic 

Symbol 

2N3789 

2N3791 

— 

2N3790 

2N3792 

Unit 

Collector-Base Voltage 

V CB 

60 

80 

Volts 

Collector-Emitter Voltage 

v CEO 

60 

80 

Volts 

Emitter-Base Voltage 

VEB 

7.0 

7.0 

Volts 

Collector Current (Continuous) 

*c 

10 

10 

Amps 

Base Current (Continuous) 

*B 

4.0 

4.0 

Amps 

Power Dissipation 

PD 

150 

150 

Watts 

Thermal Resitance 

0 JC 

1.17 

1.17 

°C/W 

Junction Operating and 

Storage Temperature Range 

Tj, T st g 

-65 to +200 

°C 


10 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

60-80 VOLTS 
150 WATTS 





NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. G3 IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

1 ? 1 |.13 (0.005)© 1 T |v© 1 

FOR LEADS: 

| + 1 f. 13 (0.005) ©T | V© | Q©| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 


1.550 

B 

- 

21.08 


0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.18 

BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

“Oil 

4.19 

0.150 

0.165 

R 

- 

26.67 

_ 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 
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2N3789 thru 2N3792 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

Collector-Emitter Sustaining Voltage* 


VcEO(sus)* 



Vdc 

(l C = 200 mAdc, l B = 0) 

2N3789, 2N3791 


60 

- 



2N3790, 2N3792 


80 

- 


Collector-Emmiter Cutoff Current 


'CEX 



mAdc 

(V C E = 60 Vdc, VbE = -1.5 Vdc) 

2N3789, 2N3791 

- 

1 


(VcE = 80 Vdc, V B E = -1.5 Vdc) 

2N3790, 2N3792 


- 

1 


(V CE = 60 Vdc, V B E “ -1.5 Vdc, T C ^ 150°C) 

2N3789, 2N3791 


- 

5 


(VcE = 80 Vdc, V B E = -1.5 Vdc, Tq = 150°C) 

2N3790, 2N3792 


- 

5 


Emitter-Base Cutoff Current 


•ebo 



mAdc 

(Veb = 7 Vdc) 

All Types 


- 

5 


DC Current Gain* 


uj 

U. 

■C 



- 

(IC= 1 Adc, Vce = 2 Vdc) 

2N3789, 2N3790 

25 

90 



2N3791 , 2N3792 


50 

180 


(l C = 3 Adc, Vce = 2 Vdc) 

2N3789, 2N3790 


15 

- 



2N3791 , 2N3792 


30 

- 


Co Hector- Emitter Saturation Voltage* 


v CE(sat)* 



Vdc 

(l c = 4 Adc, l B = 0.4 Adc) 

2N3789, 2N3790 


- 

1.0 


(l C = 5 Adc, l B = 0.5 Adc) 

2N3791, 2N3792 


- 

1.0 


Base-Emitter On Voltage* 


VBE(on)* 



Vdc 

(l C = 5A, V C E = 2 Vdc) 

2N3789, 2N3790 


- 

2.0 



2N3791 , 2N3792 


- | 

1.8 


(IC= 10 Adc, VcE = 4 Vdc) 

All Types 


- 

4.0 


Current Gain — Bandwidth Product 


fT 



MHz 

(V G E = 10 Vdc, I C = 0.5 Adc, f = 1 MHz) 

All Types 


4 

- 



•Sweep Test: 1/2 sine wave cycle @ 60 cps. 


FIGURE 2 - TYPICAL SWITCHING TIMES AND TEST CIRCUIT 
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2N3789 thru 2N3792 


FIGURE 3 - CURRENT GAIN VARIATIONS 


issas 


l c> COLLECTOR CURRENT (AMPS) 

FIGURE 4 - CURRENT GAIN VARIATIONS 


2N3791, 2N3792 II | 


1(1 








M— — i— i MMisBl 

1 

■ 

1 

■ 

■ 



/jf = Ic/Ib (FORCED GAIN) 


m 


Use appropriate 9w for voltage of interest. 


Use appropriate curve for temperature range of interest. 


0v- = Temperature coefficient 


Tj(+100°C to +175°C) 














.COLLECTOR CURRENT (AMPS) 


2N3789 thru 2N3792 


SAFE OPERATING AREAS 




0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 90 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate !c — V C e limits 
below which the device will not go into secondary breakdown. 
Collector load lines for specific circuits must fall within the ap- 
plicable Safe Area to avoid causing a col lector- emitter short. 


(Duty cycle of the excursions make no significant change in 
these safe areas.) To insure operation below the maximum Tj, 
the power-temperature derating curve must be observed for 
both steady state and pulse power conditions. 


FIGURE 9 - CUT-OFF REGION TRANSCONDUCTANCE 



+0.6 +0.4 +0 2 0 -0.2 -0.4 

V BE , BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 10 - COLLECTOR CUT-OFF CURRENT versus 
BASE-EMITTER RESISTANCE 



1.0 10 100 IK 10 K 100 K 


R be , EXTERNAL BASE-EMITTER RESISTANCE (OHMS) 






2N3902 NPN 



MOTOROLA 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for use in high-voltage inverters, converters, switching 
regulators and line operated amplifiers. 

• High Collector-Emitter Voltage — VcEX = 700 Vdc 

• Excellent DC Current Gain - 

hpE = 10 (Mi n ) @ >C = 2 5 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.8 Vdc (Max).@ lc = 1 0 Adc 


^MAXIMUM RATINGS 

Rating 

Symbol 

2N3902 

Unit 

Collector-Emitter Voltage 

v CEO 

400 

Vdc 

Collector-Emitter Voltage 

V CEX 

700 

Vdc 

Emitter-Base Voltage 

VEB 

5.0 

Vdc 

Collector Current — Continuous 

lc 

3.5 

Adc 

Base Current 

*B 

2.0 

Adc 

Total Device Dissipation @ Tq = 75°C 

PD 

100 

Watts 

Derate above 75°C 


1.33 

W/°C 

Operating Junction Temperature Range 

Tj 

-65 to +150 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 



Thermal Resistance, Junction to Case 

0JC 

0.75 


* Indicates JEDEC Registered Data 



3.5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

400 VOLTS 
100 WATTS 


NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. £711 IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

| + 1 Hi. 13 (0.005) © | T | V© | 

FOR LEADS: 

| 4- | $.13 (0.005) ©T | V© 1 Q©| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

T 1 

_ 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.1 

BSC 

1.187 BSC 

G 

10.9 

.BSC 

0.430 BSC 

H 

5.41 

; bsc 

0.215 BSC 

J 

16.8! 

) BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 
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"ELECTRICAL CHARACTERISTICS <t c = 25°C unless otherwise noted) 
| Characteristic ~ 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

(Ir = 100 mAdc, Ir = 0) (See Figure 12) 


Collector Cutoff Current 

(V C E = 400 Vdc, l B = 0) 

Collector Cutoff Current 

(V CE = 700 Vdc, V EB(off ) = 1 .5 Vdc) 

(V CE = 400 Vdc, VEB(off) = 1 -5 Vdc, T C = 1 25°C) 
Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

(lC = 1 0 Adc, Vce = 5.0 Vdc) 

(l c = 2.5 Adc, V CE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 0.1 Adc) 

(l c = 2.5 Adc, l B -0.5 Adc) 

Base-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B -0.1 Adc) 

(I C 2.5 Adc, l B 0.5 Adc) 


DYNAMIC CHARACTERISTICS 
Current-Gain— Bandwidth Product 
(l C = 0.2 Adc, V CE = 10 Vdc) 


"Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width < 300 jus. Duty Cycle < 2.0%. 


FIGURE 2 -SWITCHING TIMES TEST CIRCUIT 

1(31 = 100 mA 


FIGURE 3 -TURN-ON TIME 


f Wpn 

lB2*-^(^500mA) 


INPUT CURRENT WAVEFORM 


1 vw q 

R1 50 

rw 

JL} i 

; rb 


5.0 ^ J 1 

[" 

d 

I 6.0 V J, 

I — VBB* 

7? 

1 

c 



5.0% Duty Cycle 
t r = 100 ns 




0.2 0.3 0.5 1.0 

IC, COLLECTOR CURRENT (AMP) 









2N3902 


FIGURE 4 - THERMAL RESPONSE 



2.0 3.0 5.0 


t, TIME (ms) 


FIGURE 5 -ACTIVE-REGION SAFE-OPERATING AREA 



5.0 10 20 50 100 200 500 


VCE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.05 0.1 0.2 0.5 1.0 2.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc~ ^CE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tj^)^ 150°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 


FIGURE 7 - CAPACITANCE 
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2N3902 



l.u L ,1 t j. I 1 1 1 1 1 L L,-i 1 — U I 1 1 1 1 l_U 

0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 


1C. COLLECTOR CURRENT (AMP) 


1.3 



-0.4 -0.2 0 +0.2 +0.4 +0.6 


VbE, BASE EMITTER VOLTAGE (VOLTS) 



0.005 0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 12 -COLLECTOR-EMITTER SUSTAINING VOLTAGE TEST Cl RCUITS AND LOAD LINES 
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2N4231A thru 2N4233A NPN 
2N6312 thru 2N6314 PNP 



COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.7 Vdc (Max) @ Iq = 1.5 Adc 

• Low Leakage Current - IcEX = 0.1 mAdc (Max) 

• Excellent DC Current Gain — hp£ = 25-100 @ lc = 1.5 Adc 

• High Current Gain — Bandwidth Product — 

f T = 4.0 MHz @I C = 0.25 Adc 


5.0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-60-80 VOLTS 
75 WATTS 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — 
Continuous 
Peak 


3 Current 


Total Device Dissipation d 
T C = 25°C 
Derate above 25°C 


Operating and Storage 
Junction Temperature 
Range 


Symbol 


v CEO 


V CB 


V EB 


TjTstg 


2N4231A 

2N6312 


2N4232A 

2N6313 


2N4233A 

2N6314 


5.0 - 
- 10 - 


Watts 

W/°C 


°C 



* THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0jc 

2.32 

°C/W 


‘Indicates JEDEC registered data. (All values meet or exceed JEDEC registered data). 



SEATING PLAI 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
Q 


DIM 

MILLIN 

IETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

“ - i 

0.350 

T 

- 

3.68 

1 

0.145 

U 

- 

15.75 


0.620 



All JEDEC Dimensions and and Notes Apply. 
CASE 80-02 
TO-66 
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2N4231 A thru 2N4233A NPN , 2N6312 thru 2N6314 PNP 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

"OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


v CEO(sus) 



(l c = 100 mAdc, l B = 0) 

2N4231A, 2N6312 


40 

- 


2N4232A, 2N6313 


60 

- 


2N4233A, 2IM6314 


80 

- 

Collector Cutoff Current 


'CEO 



(Vqe = 30 Vdc, 1 b = 0) 

2N4231A, 2N6312 


- 

1.0 

<V CE = 50 Vdc, l B = 0) 

2N4232A, 2N6313 


- 

1 0 

(V C E = 70 Vdc, l B = 0) 

2N4233A, 2N6314 


- 

1.0 

Collector Cutoff Current 


'CEX 



(V CE = 40 Vdc, V BE<off , = 1.5 Vdc) 

2N4231A, 2N6312 


- 

0.1 

(Vq E = 60 Vdc, V bb (off) = 15 vdc > 

2N4232A, 2N6313 


- 

0.1 

(V CE = 80 Vdc, V BE(off) = 1 5 Vdc) 

2N4233A, 2N6314 


- 

0.1 

(V C E = 40 Vdc, V BE(off ) = 1 5 Vdc, 

2N4231A, 2N6312 


- 

1.0 

T C = 150°C) 





(V CE = 60 Vdc, V BE ( off ) = 1.5 Vdc, 

2N4232A, 2N6313 


- 

1.0 

T C = 150°C) 





(V C E = 80 Vdc, V b b (off) = 1.5 Vdc, 

2N4233A, 2N6314 


- 

1.0 

T C = 150°C) 





Collector Cutoff Current 


'CBO 



(V CB = 40 Vdc, l E = 0) 

2N4231A, 2N6312 


- 

0.05 

(V C B = 60 Vdc, l E = 0) 

2N4232A, 2N6313 


- 

0.05 

(V CB = 80 Vdc, l E = 0) 

2N4233A, 2N6314 


- 

0.05 

Emitter Cutoff Current 


'EBO 



(V BE = 5.0 Vdc, l C = 0) 



- 

05 

ON CHARACTERISTICS 

DC Current Gain (1) 


hpE 



*(l c = 0 5 Adc, V CE = 2 0 Vdc) 



40 

- 

*(I C = 1 5 Adc, V CE = 2.0 Vdc) 



25 

100 

*(l c = 3 0 Adc, V C E = 20 Vdc) 



10 

- 

<l c = 5.0 Adc, V CE = 40 Vdc) 



4.0 

- 

"Collector-Emitter Saturation Voltage (1) 


v CE(sat) 



(l c = 1.5 Adc, l B = 0.15 Adc) 



- 

0.7 

(l c = 3.0 Adc, l B = 0.3 Adc) 



- 

2.0 

OC = 5.0 Adc, l B = 1.25 Adc) 



- 

4.0 

"Base-Emitter On Voltage (1) 


v BE(on) 



(I C = 1 5 Adc, V CE = 20 Vdc) 




- 

1.4 


"DYNAMIC CHARACTERISTICS 


Current-Gam — Bandwidth Product 

(l c = 0.5 Adc, V CE = 10 Vdc, f tes t = 10 MHz) 

fT i 

4.0 

- 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

- 

300 

Small-Signal Current Gain 

(l c = 0 5 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

h fe 

20 

- 


"Indicates JE DEC registered data. 

(1) Pulse Test Pulse Width < 300ms, Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



FOR CURVES OF FIGURES 3 AND 6, Rb AND Rq 
ARE VARIED TO OBTAIN DESIRED CURRENT LEVELS 


D j MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE 1 b * 100 mA 
MSD6100 USED BELOW In * 100 mA 


FIGURE 3 - TURN "ON” TIME 






r(t), EFFECTIVE TRANSIENT 

t, TIME (ms) | C , COLLECTOR CURRENT (AMP) THERMAL RESISTANCE (NORMALIZED) 














Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE. DC CURRENT GAIN 


2N4231A thru 2N4233A NPN , 2N6312 thru 2N6314 PNP 


NPN 

2N4231A thru 2N4233A 


PNP 

2N6312 thru 2N6314 


FIGURE 8 - DC CURRENT GAIN 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMPERES) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CORRECT (AMPERES) 


FIGURE 9 - COLLECTOR SATURATION REGION 





0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMPERES) 


“ON" VOLTAGES 



1-123 




2N4398 

2N4399 

2N5745 



MOTOROLA 


PNP SILICON HIGH-POWER TRANSISTORS 

. . . designed for use in power amplifier and switching circuits. 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1 -0 Vdc (Max) @ l C = 15 Adc (2N4398, 2N4399) 

• DC Current Gain Specified — 1 .0 to 30 Adc 

• Complements to NPN 2N5301 , 2N5302, 2N5303 


•MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current — Continuous 

Peak 

Base Current — Continuous 

Peak 

Total Device Dissipation @T/\ = 25°C** 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


Symbol 


2N4398 1 2N4399 BN5745 


_XCEQ_ 


V CB 




30 

50 


30 

50 


20 

50 


*B 


PD 


7.5- 

■ 15- 

■ 5.0- 
28.6 


PD 


T J' T stg 


200 

1.15 

-65 to +200 


Unit 

Vdc 

Vdc 

Vdc 

Adc 


Adc 


Watts 

mW/°C 

Watts 

W/°C 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

35 

°c/w 


’Indicates JEDEC Registered Data 

’Motorola guarantees this data in addition to JEDEC Registered Data. 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 

ta t c 



0 25 50 75 100 125 150 175 200 

T, TEMPERATURE (PC) 


Safe Area Curves are indicated by Figure 13. All 
limits are applicable and must be observed. 


20, 30 AMPERE 
POWER TRANSISTORS 

PNP SILICON 

40-60-180 VOLTS 
200 WATTS 





DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


CASE 11-01 

(TO-3) 


1-124 























2N4398, 2N4399, 2N5745 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



Characteristic 

... ... 

Symbol 

Min 

Max 

Unit J 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage! D 
(Iq = 200 mAdc, Ig = 0) 

2N4398 

2N4399 

2N5745 

v CEO(sus) 

40 

60 

80 

: 

Vdc 

Collector Cutoff Current 



'CEO 



mAdc 

(V CE = 40 Vdc, l B = 0) 


2N4398 


- 

50 


(Vce = 60 Vdc, 1 g = 0) 


2N4399 


~ 

5.0 


(V C e = 80 Vdc. Ig = 01 


2N5745 



50 


Collector Cutoff Current 



'CEX 



mAdc 

(V CE = 40 Vdc. V BE (off) 

= 1 5 Vdc) 

2N4398 


- 

50 


(V CE = 60 Vdc. V BE ( 0 ff) 

= 1.5 Vdc) 

2N4399 


- 

5.0 


(V CE = 80 Vdc, Vg E ( 0 ff) 

= 1 5 Vdc) 

2N5745 


- 

5.0 


<V CE = 30 Vdc. Vg E ( 0 ff) 

= 1.5 Vdc, T C = 1 50°C) 

2N4398, 2N4399 


- 

10 


IV CE = 80 Vdc, V BE (off) 

= 1 5 Vdc, T C = 1 50°C) 

2N 5745 


- 

10 


Collector Cutoff Current 



'CBO 



mAdc 

(V C g = 40 Vdc, l E =0) 


2N4398 


- 

1.0 


(V CB = 60 Vdc, l E = 0> 


2N4399 


I 

1 0 


<V CB = 80 Vdc, l E = 0) 


2N5745 



1.0 


Emitter Cutoff Current 



'EBO 


50 

roAdc 

(V EB = 50 Vdc, l C = 0) 








ON CHARACTERISTICS 


DC Current Gain(1 ) 

(lC = 1 0 Adc, V CE =20 Vdc) 

(lC = 10 Adc, V CE = 20 Vdc) 

(lC = 15 Adc, V CE =20 Vdc) 

(lC = 20 Adc, V CE =20 Vdc) 

(lC = 30 Adc, V C E = 4.0 Vdc) 

— 

All Types 

2N5745 

2N4398, 2N4399 

2N5745 

2N4398. 2N4399 

h FE 

40 

15 

15 

5.0 

50 

60 

60 


Collector-Emitter Saturation Voltage(l) 


v CE(sat> 



Vdc 

dc = 10 Adc, l B = 1 0 Adc) 

2N4398, 2N4399 



0 75 



2N5745 


_ 

1 0 


(lC = 15 Adc, Ig = 1 5 Adc) 

2N4398, 2N4399 


- 

1.0 



2N5745 



1.5 


(l C = 20 Adc, Ig = 2 0 Adc) 

2N4398, 2N4399 



20 


(lC = 20 Adc, l B = 40 Adc) 

2N5745 


_ 

2.0 


dC = 30 Adc, l B = 6.0 Adc) 

2N4398, 2N4399 


- 

40 


Base-Emitter Saturation Voltage! D 


v BE(sat) 



Vdc 

(I C = 10 Adc, l B = 1.0 Adc)** 

2N4398, 2N4399 



1 6 



2N5745 



1 7 


(lC = 15 Adc, 1 B = 1.5 Adc) 

2N4398, 2N4399 


_ 

1.85 



2N5745 


- 

20 


d C = 20 Adc, l B = 2.0 Adc)** 

2N4398, 2N4399 


- 

25 


(l C = 20 Adc, l B = 4 0 Adc) 

2N5745 


- 

2.5 


Base-Emitter On Voltaged) 


v BE(on) 



Vdc 

(lC = 10 Adc, V C e =20 Vdc) 

2N5745 


- 

1 5 


(l C = 15 Adc, V C e = 20 Vdc) 

2N4398, 2N4399 


- 

1 7 


(l C = 20 Adc, V C e = 4.0 Vdc) 

2N5745 


- 

25 


(l C = 30 Adc, V C E =4.0 Vdc) 

2N4398, 2N4399 


- 

3.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product(2) 

d C = 1 0 Adc, V C E = 10 Vdc, f = 1 0 MHz) 

2N4398, 2 N 4399 
2N5745 

fT 

40 

2.0 

: 

MHz 

Small -Signal Current Gain 
(lC = 1.0 Adc, V C E = 10 Vdc, f = 1.0 kHz) 

h fe 

40 

- 

- 


SWITCHING CHARACTERISTICS ISw Figures 2 and 3) 


Rise Time 

2N4398, 2N4399 

, r 

_ 

0.4 

PS 


(V CC 30 Vdc 2N5745 


- 

1.0 








Storage T ime 

l C - 10 Adc, 2N4398, 2N43S9 

t S 

- 

1.5 

A* 


*B1 = 'B2 = 1-0 Adc) 2N5745 


. 

2.0 


Fall Time 

2N4398, 2 N 4399 

tf 

- 

0.6 

FS 


2N5745 


- 

1.0 



’Indicates JE DEC Registered Data. (l)Pulse Test: Pulse Width ^ 300 fis, Duty Cycled 2.0%. 

’Motorola Guarantees this Data in Addition to JEDEC Registered Data. (2)f T is defined as the frequency at which |h fe | extrapolates to unity. 

SWITCHING TIME EQUIVALENT TEST CIRCUITS 

FIGURE 2 - TURN-OIM TIME FIGURE 3 - TURN-OFF TIME 
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VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE, DC CURRENT GAIN (NORMALIZED) 


2N4398, 2IM4399, 2N5745 


TYPICAL "ON" REGION CHARACTERISTICS 



0 03 0 05 0 07 0.1 0 2 0 3 0 5 0 7 1 0 2 0 3 0 5 0 7 0 10 20 

l c . COLLECTOR CURRENT (AMP) 

FIGURE 5 - COLLECTOR SATURATION REGION 



l B , BASE CURRENT (AMP) 




0.03 0.05 0.1 0.2 0.3 0.5 1 0 2.0 3.0 5.0 10 20 30 0 03 0 05 0 1 0 2 03 0 5 1 0 2 0 3 0 5 0 10 2 ( 

l c , COLLECTOR CURRENT (AMP) l Cl COLLECTOR CURRENT (AMP) 




r |t). NORMALIZED EFFECTIVE TRANSIENT THERMAL RESISTANCE Iq, COLLECTOR CURRENT (AMP) 


2N4398, 2N4399, 2N5745 


RATINGS AND THERMAL DATA 

FIGURE 8 - ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq— V cE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 8 is based on Tj( p |<) = 2Q0°C;Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p | < ) ^ 200°C. "T j ( p |< ) may be 
calculated from the data in Figure 9.'. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 9 - THERMAL RESPONSE 



DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


— tp — 



pp 




Pp 


DUTY CYCLE D tj f -p 
tp 

PEAK PULSE POWER P P 


A train of periodical power pulses can be represented by the 
model as shown in Figure A. Using the model and the device 
thermal reponse, the normalized effective transient thermal 
resistance of Figure 9 was calculated for various duty cycles. 

To find 0jo(t), multiply the valueobtained from Figure9 by the 
steady state value 0jc (°°) 

Example: 

The 2N4398 is dissipating 100 watts under the following 
conditions: ti = 1 .0 ms, tp = 5.0 ms. (D = 0.2) 

Using Figure 9, at a pulse width of 1 .0 msand D = 0.2, the reading 
of r (t) is 0 28. 

The peak rise in junction temperature is therefore 

T = r(t) X P P X 0jd 00 ) = 0.28 X 1 00 X 0.875 = 24.5°C 
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2N4898 thru 2N4900 



MOTOROLA 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance devices feature: 

• Low Saturation Voltage — VcE(sat) = 0*6 V max @ Iq = 1.0 Amp 

• Excellent Safe Operating Area 

• Gain Specified to Iq = 1 -0 Ampere 

• 2N4900 Complementary to NPN 2N4912 


MAXIMUM RATINGS 


Rating 

Symbol 

2N4898 

2N4899 

2N4900 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

*+ 5.0 ► 

Vdc 

Collector Current — Continuous* 

*c* 

1.0 ► 

4.0 ► 

Adc 

Base Current 

! B 

+< 1.0 ► 

Adc 

Total Device Dissipation Tq = 25°C 
Derate above 25°C 

PD 

** 25 ► 

** 0.143 ► 

Watts 

w/°c 

Operating & Storage Junction 
Temperature Range 

Tj» T s tg 

65 to +200 ► 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

ThermalReistance, Junction to Case 

0 JC 

7.0 

°c/w 


*The 1.0 Amp maximum Iq value is based upon JEDEC current gain requirements. 

The 4.0 Amp maximum value is based upon actual current-handling capability of the device 
(see Figure 5). 



FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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X 
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T c . CASE TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 


4 AMPERE 

GENERAL PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
25 WATTS 




STYLE 1. 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


- F 

I— J — 



S 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

_ 

0.350 

T 

- 

3.68 

- 

0.145 

_U_J 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 
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2N4898 thru 2N4900 


ELECTRICAL CHARACTERISTICS (T c = 25*C unless otherwise noted) 


Characteristic 

. 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

1 Collector-Emitter Sustaining Voltage* 


RV * 

t5V CEO(sus) 



Vdc 

(I c = 0. 1 Adc, I fi = 0) 

2N4898 


40 

- 


2N4899 



60 

- 



2N4900 



80 

- 


Collector Cutoff Current 



X CEO 



mAdc 

(V CE = 20 Vdc, I B = 0) 

2N4898 


- 

0.5 


(V CE = 30Vdc ’ I B = 0) 

2N4899 



- 

0.5 


(V CE = 40 Vdc, I B = 0) 

2N4900 



- 

0.5 


Collector Cutoff Current 



*CEX 



mAdc 

(V CE = Hated V C E 0 . V BE(off) = 

1.5 Vdc) 


- 

0. 1 


^ V CE = Rated V CEO’ V BE(off) = 

1.5 Vdc, T c = 150° C) 



“ 

1.0 


Collector Cutoff Current 



I CBO 



mAdc 

<V CB =Rated V CB’ 'e* 0 * 



' 

0. 1 


Emitter Cutoff Current 



*EBO 



mAdc 

(V BE = 5.0 Vdc, I c =0) 



- 

1. 0 



ON CHARACTERISTICS 


DC Current Gain* 

(I c = 50 mAdc, V CE =1.0 Vdc) 

(I c = 500 mAdc, V CE =1.0 Vdc) 

(I = 1.0 Adc, V^^ =1.0 Vdc) 

C UHi 


h FE* 

— 

40 

20 

10 

100 


Collector-Emitter Saturation Voltage* 

(I = 1.0 Adc, I = 0. 1 Adc) 


v * 

CE(sat) 

- 

0.6 

Vdc 

Base-Emitter Saturation Voltage* 

(I c = 1.0 Adc, I B = 0. 1 Adc) 


v * 

BE(sat) 

- 

1. 3 

Vdc 

Base -Emitter On Voltage* 

(I c = 1.0Adc, V CE =1.0 Vdc) 


v * 

BE(on) 

- 

1.3 

Vdc 


SMALL SIGNAL CHARACTERISTICS 


— 

Current-Gain— Bandwidth Product 
(U - 250 mAdc, V^ = 10 Vdc, f = 1. 0 MHz) 


f T 

3.0 

- 


Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 


C ob 

J 


100 

pF 

Small-Signal Current Gain 
(I„ = 250 mAdc, V^ = 10 Vdc, f = 1. 0 kHz) 


h. 

fe 

25 

- 

- 


* Pulse Test: PW *300 ^s, Duty Cycle ~ 2.0% 



FIGURE 3 - TURN-ON TIME 



10 20 30 50 70 100 200 300 500 700 1000 


l c , COI LECTOR CURRENT (m A) 
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2N4898 thru 2N4900 


FIGURE 4 - THERMAL RESPONSE 






MOTOROLA 


2N4912 


NPN SILICON TRANSISTOR 

. . . designed for driver circuits, switching, and amplifier applications. 
This high-performance device features: 

• Low Saturation Voltage — VcE(sat) = 0-6 V max @ Iq = 1 .0 Amp 

• Excellent Safe Operating Area 

• Gain Specified to \q = 1 .0 Amp 

• Complement to PNP 2N4900 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

Vdc 

Collector-Base Voltage 

V CB 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous* 

>c* 

1.0 

Adc 

Base Current — Continuous 

>B 

1.0 

Adc 

Total Device Dissipation Tq = 25°C 

Derate above 25°C 

p D 

25 

0.143 

Watts 

mW/°C 

Operating & Storage Junction 

Temperature Range 

T J« T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

7.0 

°C/W 


*The 1 .0 Amp maximum Iq value is based upon JEDEC current gain requirements. 



1 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

80 VOLTS 
25 WATTS 



SEATING PLANE 


tit 



2 EMITTER 
CASE COLLECTOR 


All JEDEC Dimensions and and Notes Apply 


CASE 80-02 
TO-66 
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2N4912 


1.3 


ELECTRICAL CHARACTERISTICS (T c - 25°c unless othe 
Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 

(IC = 01 Adc, l B =0) 

Collector Cutoff Current 

(V C E = 40 Vdc, l B =0) 

Collector Cutoff Current 

(Vce = Rated Vqeq, V E g( 0 ff) = 1.5 Vdc) 

(V C E s Rated V C EQ, VEB(off) = 1-5 Vdc, T c = 150°C) 
Collector Cutoff Current 

(Vcb = Rated Vc B . l E = 0) 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, l C = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

<l c = 50 mAdc, V C E = 1 -0 Vdc) 

(l C = 500 mAdc, V CE = 1 .0 Vdc) 

(l c = 1.0 Adc, V C E = 1-0 Vdc) 

Collector-Emitter Saturation Voltage 
(1C = 1.0 Adc, l B =0.1 Adc) 

Base-Emitter Saturation Voltage 

(l c = 1.0 Adc, lg = 0.1 Adc) 

Base-Emitter On Voltage 

(l c = 1.0 Adc, V CE -1.0 Vdc) 

SMALL SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

(1C = 250 mAdc, V CE = 1 0 Vdc, f = 1 .0 MHz) 

Output Capacitance 

(V C B = 10 Vdc, Ie = o, f = 100 kHz) 

Small-Signal Current Gain 

(1C = 250 mAdc, V C E = 10 Vdc, f - 1.0 kHz) 

( 1 ) Pulse T est : Pulse Width = 300 jus. Duty Cycle = 2.0%. 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 



noted) 


Symbol 



BVcEO(sus) 

80 

- 


>CEO 

— 

0.5 


>CEX 

- 

0.1 

1.0 


*CBO 


0.1 


•ebo 

— 

1.0 



h FE 

40 

20 

10 

100 


v CE(sat) 

— 

0.6 


^BE(sat) 

— 

1.3 


v BE(on) 


1.3 


it 


Cob 


hfe 


3.0 


25 


100 


FIGURE 3 - TURN-ON TIME 


Vrc = 30 V. 


50 







r(t), TRANSIENT THERMAL RESISTANCE, NORMALIZED 


2N4912 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate l c — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissi- 
pation than the curves indicate. 

The data of Figure 5 is based on Tj( p i,) = 
200°C; T c is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10 % pro- 
vided Tj( p i,) < 200°C. Tjjpk) may be calculated 
from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power 
that can be handled to values less than the 
limitations imposed by secondary breakdown. 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



1.3 



10 20 30 50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 



o os ~ i ~ i t: i r r : r: i i H im 

10 20 30 50 70 100 200 300 500 700 1000 

l c , COLLECTOR CURRENT (mA) 
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2N4918 thru 2N4920 



MOTOROLA 


MEDIUM-POWER PLASTIC PNP SILICON TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage - VcE(sat) = 0.6 Vdc (Max) @ lc = TO 
Amp 

• Excellent Power Dissipation Due to Thermopad Construction — 

P D = 30 @ Tc = 25°C 

• Excellent Safe Operating Area 

• Gain Specified to lc = 1 .0 Amp 

• Complement to NPN 2N4921, 2N4922, 2N4923 


^MAXIMUM RATINGS 


Ratings 

Symbol 

2IM4918 

2N4919 

2N4920 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

— 5.0 — 

Vdc 

Collector Current — Continuous (1) 

>c* 

— 1.0 

3.0 

Adc 

Base Current 

'B 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

30 

0.24 

Watts 

W/°C 

Operating & Storage Junction 
Temperature Range 

Tj« T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS (2) 


Characteristic 

Symbol 

Max 

[ Unit | 

Thermal Resistance, Junction to Case 

0JC 

4.16 

o 

o 


•Indicates JEDEC Registered Data for 2N4918 Series 

( 1 ) The 1 .0 Amp maximum 1^ value is based upon JEDEC current gain requirements 
The 3.0 Amp maximum value is based upon actual current-handling capability of the 
device (See Figure 5). 

(2) Recommend use of thermal compound for lowest thermal resistance. 



3 AMPERE 
GENERAL-PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
30 WATTS 
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STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

nr 1 

15.11 

16.64 

0.595 

0.655 

“m -1 

3' 

TYP 

3° TYP 

d 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 



CASE 77-04 
TO- 126 
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2N4918 thru 2N4920 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic | | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 


v CEO(sus) 



Vdc 

(l c = 0.1 Adc, l B = 0) 2N4918 



40 

- 


2N4919 



60 

- 


2N4920 



80 

- 


Collector Cutoff Current 


*CEO 



mAdc 

(V CE = 20 Vdc, l B - 0) 2N4918 



- 

0.5 


(V C E = 30 Vdc, l B = 0) 2N4919 



- 

0.5 


(V CE = 40 Vdc, l B = 0) 2N4920 



- 

0.5 


Collector Cutoff Current 


'CEX 



mAdc 

(V CE = Rated V CE q. V BE ( 0 ff) = 1.5 Vdc) 



- 

0.1 


( V CE = Rated V CE0 , V BE ( of f) = 1-5 Vdc,T c = 125°C) 



- 

0.5 


Collector Cutoff Current 


•CBO 



mAdc 

(Vcb = Rated Vq B , l E = 0) 



- 

0.1 


Emitter Cutoff Current 


>EBO 

_ 

1.0 

mAdc 

(V BE = 5.0 Vdc, l C = 0) 






ON CHARACTERISTICS 


DC Current Gain (1) 

( 1 C = 50 mAdc, V^E = 1 0 Vdc) 

(lC = 500 mAdc, V CE = 1.0 Vdc) 

( 1 c = 1.0 Adc, V CE = 1 .0 Vdc) 


h FE 

40 

30 

10 

150 


Collector-Emitter Saturation Voltage (1) 

(lC = 1.0 Adc, l B = 0.1 Adc) 


v CE(sat) 

- 

0.6 

Vdc 

Base-Emitter Saturation Voltage (1) 

(lC = 1.0 Adc, l B = 0.1 Adc) 


v BE(sat) 

■ _ 

1.3 

Vdc 

Base-Emitter On Voltage (1) 

( lC = 1 -0 Adc, V CE = 1 .0 Vdc) 


v BE(on) 

- 

1.3 

1 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

Oc = 250 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 


fT 

3.0 

- 

MHz 

Output Capacitance 

(Vqb = 10 Vdc, l E = 0, f = 100kHz) 


c ob 

_ 

100 

pF 

Small-Signal Current Gain 

( l C - 250 mAdc, V CE = 10 Vdc, f = 1 .0 kHz) 


h fe 

25 

- 

— 


’Indicates JEDEC Registered Data 

(1) Pulse Test: PW ~ 300 jus. Duty Cycle ^2.0% 




10 20 30 50 70 100 200 300 500 7001000 

1C. COLLECTOR CURRENT (mA) 
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r(t), TRANSIENT THERMAL RESISTANCE, 

STORAGE TIME (jus) 1C, COLLECTOR CURRENT (AMP) NORMALIZED 


2N4918 thru 2N4920 



FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Iq - Vqe operation 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; 
Tc is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) — 150°C. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



nn d I III I I I 1 I U | i. J 1 1 1 .1 1. L) 

10 20 30 50 70 100 200 300 500 7001000 



10 20 30 50 70 100 200 300 500 700 1000 


1C, COLLECTOR CURRENT (mA) 


1C, COLLECTOR CURRENT (mA) 











Ic, COLLECTOR CURRENT (M) 


2N4918 thru 2N4920 


TYPICAL DC CHARACTERISTICS 


FIGURE 8 - CURRENT GAIN 


FIGURE 9 - COLLECTOR SATURATION REGION 



2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

IC, COLLECTOR CURRENT (mA) 



0.2 0.3 0.5 1.0 2.0 3 0 5.0 10 20 30 50 100 200 


IB, BASE CURRENT (mA) 




0 30 60 90 120 150 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

Tj, JUNCTION TEMPERATURE (°C) 'C, COLLECTOR CURRENT (mA) 


FIGURE 12 - COLLECTOR CUTOFF REGION 




2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 2000 

IC, COLLECTOR CURRENT (mA) 
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2N4921 thru 2N4923 



MOTOROLA 


MEDIUM-POWER PLASTIC NPN SILICON 
TRANSISTORS 

. . . designed for driver circuits, switching, and amplifier applications. 
These high-performance plastic devices feature: 

• Low Saturation Voltage -VcE(sat)= 0.6 Vdc (Max) @ lc = 1 0 Amp 

• Excellent Power Dissipation Due to Thermopad 

Construction — Pq = 30W@Tc = 25°C 

• Excellent Safe Operating Area 

• Gain Specified to lc =1.0 Amp 

• Complement to PNP 2N4918, 2N4919, 2N4920 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N4921 

2N4922 

2N4923 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5 0 

Vdc 

Collector Current - Continuous (1) 

! C 

1 0 

Adc 

3 0 — 

Base Current — Continuous 

•b 

1 0 

• Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

P D 

30 

0 24 

Watts 

W/°C 

Operating & Storage Junction 

Temperature Range 

Tj. T stg 

- 65 to +150 

°C 


THERMAL CHARACTERISTICS (2) 


Characteristic 

Symbol 


Unit 

Thermal Resistance, Junction to Case 

0JC 

4.16 

°C/W 


( 1 ) The 1 .0 Amp maximum I q value is based upon JEDEC current gain requirements 

The 3.0 Amp maximum value is based upon actual current-handling capability of the device 
(see F igures 5 and 6) 

(2) Recommend use of thermal compound for lowest thermal resistance. 

* Indicates JE DEC Registered Data. 


FIGURE 1 - POWER DERATING 



3 AMPERE 
GENERAL PURPOSE 
POWER TRANSISTORS 

40-80 VOLTS 
30 WATTS 




— r c PIN 1. EMITTER 

™ ctob 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

TYP 

3° TYP 

Q 

3.76 ! 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO-126 
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2N4921 thru 2N4923 


*ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 



v CEO(sus) 



Vdc 

(l c = 0.1 Adc, l B = 0) 

2N4921 



40 

- 



2N4922 



60 

- 



2N4923 



80 

- 


Collector Cutoff Current 



•CEO 



mAdc 

(V CE = 20 Vdc, 1 B = 0) 

2N4921 



- 

0.5 


<V CE = 30 Vdc, l B = 0) 

2N4922 



- 

0.5 


(V CE = 40 Vdc, l B = 0) 

2N4923 



- 

0.5 


Collector Cutoff Current 



•CEX 



mAdc 

(Vce = Rated VcEO- v EB(off) = 1 5 Vdc) 




- 

0.1 


(Vce " Rated VcEO- v EB(off) = T5 Vdc, Jq = 125°C) 



- 

0.5 


Collector Cutoff Current 



•CBO 



mAdc 

(Vcb = Rated Vcb, 'E = 




- 

0.1 


Emitter Cutoff Current 



'EBO 



mAdc 

(V EB = 5.0 Vdc, l c - 0) 




- 

1.0 



ON CHARACTERISTICS 


DC Current Gam ( 1 ) 

(l c = 50 mAdc, V CE - 1 .0 Vdc) 

(l C = 500 mAdc, V CE = 1.0 Vdc) 

(l c = 1.0 Adc, V CE = 1.0 Vdc) 


h FE 

40 

30 

10 

150 


Collector-Emitter Saturation Voltage (1) 

(l c = 1.0 Adc, l B = 0.1 Adc) 


v CE(sat) 

- 

0.6 

Vdc 

Base-Emitter Saturation Voltage (1) 

(l c = 1.0 Adc, l B - 0.1 Adc) 


v BE(sat) 


1.3 

Vdc 

Base-Emitter On Voltage (1) 

(l c = 1.0 Adc, V CE = 1.0 Vdc) 


v BE(on) 

_ 

1.3 

Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1C = 250 mAdc, V CE = 10 Vdc, f = 1.0 MHz) 


*T 

3.0 

_ 

MHz 

Output Capacitance 

(Vcb = 10 Vdc « *E = 0, f = 100 kHz) 


^ob 

_ 

100 

pF 

Small-Signal Current Gain 

(lc = 250 mAdc, V CE = 10 Vdc, f = 1 .0 kHz) 


h fe 

25 

- 



(1) Pulse T est: PW% 300 ms, Duty Cycle % 2.0%. 
* Indicates JE DEC Registered Data 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 - TURN-ON TIME 
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r(t), TRANSIENT THERMAL 

V. STORAGE TIME (/AS) | C , COLLECTOR CURRENT (Amp) RESISTANCE (NORMALIZED) 


2N4921 thru 2N4923 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

t, TIME (ms) 


FIGURE 5 - ACTIVE - REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.Q 7.0 10 20 30 50 70 100 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate l^ - V^EE operation 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; 
Tq is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(p| < )^ 150°C. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 


FIGURE 6 - STORAGE TIME 
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1-140 









2N5038 

2N5039 


(M) MOTOROLA 


1.3 


NPN SILICON TRANSISTORS 

. . . fast switching speeds and high current capacity ideally suit these 
parts for use in switching regulators, inverters, wide-band amplifiers 
and power oscillators in industrial and commercial applications. 

• High Speed - tf = 0.5 jus (Max) 

• High Current - lc(max) = 30 Amps 

• Low Saturation - VcE(sat) = 2.5 V (Max) @ \q = 20 Amps 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5038 

2N5039 

Unit 

Collector-Base Voltage 

v CBO 

150 

120 

Vdc 

Collector-Emitter Voltage 

V CEV 

150 

120 

Vdc 

Emitter-Base Voltage 

v EBO 

7 

Vdc 

Collector Current — Continuous 

•c 

20 

Adc 

Peak (1 ) 

'cm 

30 


Base Current — Continuous 

•b 

5 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

140 

Watts 

Derate above 25°C 


0.8 

W/°C 

Operating and Storage Junction 

T J» T stg . 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.25 

°C/W 


indicates JEDEC Registered Data. 


(1 ) Pulse Test: Pulse Width <10 ms. Duty Cycle < 50%. 
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Iq, COLLECTOR CURRENT (AMPS) 


2N5038, 2N5039 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 

Characteristic | Symbol [ Min ] Max | Unit \ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(Iq = 200 mAdc, l B = 0) 

2N5038 

2N5039 

VcEO(sus) 

90 

75 


Vdc 

Collector Cutoff Current 


»CEX 



mAdc 

(V CE = 140 Vdc,V BE ( 0ff) = 1.5 V) 

2 N 5038 


- 

50 


(V CE = 110 Vdc, V BE(off ) = 1.5 V) 

2N5039 


- 

50 


(V CE = 100 Vdc, V BE ( 0 ff) = 1.5 Vdc, Tq = 150°C) 

2N5038 


- 

10 


(Vqe =85 Vdc, VgE(off) = 1.5 Vdc, Tq = 150°C) 

2N5039 


- 

10 


Emitter Cutoff Current 


<EBO 



mAdc 

(V E b = 5 Vdc, Iq =0) 

2N5038 


- 

5 



2N5039 


- 

15 


(V E b = 7 Vdc, Iq =0) 

Both 


- 

50 



ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 12 Adc, Vq E = 5 Vdc) 

(Iq = 10 Adc, V CE = 5 Vdc) 

2N5038 

2 N 5039 

h FE 

20 

20 

100 

100 


Collector-Emitter Saturation Voltage 
(Iq = 20 Adc, l B = 5 Adc) 


v CE(sat) 

- 

2.5 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 20 Adc, l B = 5 Adc) 


v BE(sat) 


3:3 

Vdc 


DYNAMIC CHARACTERISTICS 


Magnitude of Common-Emitter Small-Signal Short-Circuit 

|hf e ! 

12 

- 

_ 

Forward Current Transfer Ratio 





(Iq = 2 Adc, V CE = 10 Vdc, f = 5 MHz) 






SWITCHING CHARACTERISTICS 


RESISTIVE LOAD | 

Rise Time 

(Vqq = 30 Vdc) 

t r 

- 

0.5 

MS 

Storage Time 

(Iq = 12 Adc, I B1 = l B 2 = 1.2 Adc) 2N5038 

ts 

- 

1.5 

MS 

Fall Time 

(Iq = 10 Adc, I B1 = l B2 = 1 Adc) 2N5039 

tf 

- 

0.5 

MS 


* Indicates JEDEC Registered Data. 


(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2%. 


FIGURE 2 - FORWARD BIAS SAFE OPERATING AREA 



There are two limitations on the power handling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vq E limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

Second breakdown pulse limits are valid for duty cycles to 
10%. At high case temperatures, thermal limitations may reduce 
the power that can be handled to values less than the limitations 
imposed by second breakdown. 


1.3 
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2N5050 
2N5051 
2N5052 


MOTOROLA 


MEDIUM-POWER NPN SILICON TRANSISTORS 


designed for untuned amplifier and switching applications. 


2 AMPERE 

POWER TRANSISTORS 
NPN SILICON 


• High Voltage Ratings - 

VCEO= 125, 150 and 200 Vdc 

• Low Col lector- Emitter Saturation Voltage — 

VCE(sat) = 1.0 Vdc (Max) @ \q = 0.75 Adc 

• Packaged in the Compact, High Efficiency TO-66 Case 


125-200 VOLTS 
40 WATTS 


"MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Col lector- Base Voltage 

Emitter-Base Voltage 

Collector Current — Continuous 

Base Current 

Total Device Dissipation @ = 25°C 

Derate above 25°C 

Operating Junction Temperature Range 
Storage Temperature Range 


"THERMAL CHARACTERISTICS 



-65 to +175 
-65 to +200 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

e JC 

3.76 

°C/W 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 


— A 1 — 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 

CASE: COLLECTOR CL 





0.2 — Secondary Breakdown Limited 

— — - - — Bonding Wire Limited 
0.1 — Thermal Limitations Tq = 25°C 

n n( . — Applicable For Rated BVcEO 


3.0 5.0 10 20 30 50 100 200 300 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate lc _ V ce limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


DIM Ml'lii T MAX I MIN T MAX 
B 11,94 12.70 0.470 0.500 

C 6.35 8.64 0,250 0.340 

D 0.71 0.86 0.028 0.034 

E 1.27 1.91 0,050 0.075 

F 24,33 24.43 0.958 0.962 

G 4.83 5.33 0.190 0,210 

H 2.41 2.67 0,095 0.105 

J 14,48 14.99 0.570 0.590 

K 9.14 - 0.360 - 

P - 1.27 0,050 

Q 3.61 3.86 0.142 0.152 

S - 8.89 - 0.350 

T - 3.68 - 0,145 

U - 115.75 - 10.620 

All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 
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2N5050, 2N5051, 2N5052 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 


"OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 

(l C = 200 mAdc, l B - 0) 

2N5050 

2N5051 

2N5052 

v CE0(sus) 

125 

150 

200 

- 

Vdc 

Collector-Emitter Cutoff Current 


•CEO 



mAdc 

(V C E = 62.5 Vdc, l B - 0) 

2N5050 


- 

0.1 


(V CE = 75 Vdc, l B = 0) 

2N5051 


- 

0.1 


(V C E = 100 Vdc, l B = 0) 

2N5052 


- 

0.1 


Collector-Emitter Cutoff Current 


'CEX 



mAdc 

(V CE = Rated V CE0 - v EB(off) = 1-5 Vdc) 



- 

0.5 


(V C E = Rated V CE0 , V EB ( off ) = 1.5 Vdc, T C = 150°C) 



- 

5.0 


Emitter-Base Cutoff Current 


•ebo 

- 

0.1 

mAdc 

(V be = 6.0 Vdc, l c = 0) 







"ON CHARACTERISTICS 


DC Current Gain (Note 1) 

(l c = 0.75 Adc, V CE = 5.0 Vdc) 

(lC = 1 0 Adc, Vqe = 5.0 Vdc) 

(1C = 2.0 Adc, V C e = 5.0 Vdc) 

h F E 

25 

25 

5.0 

100 


Collector-Emitter Saturation Voltage (Note 1) 

VcE(sat) 



Vdc 

(Iq = 0.75 Adc, l B = 0.1 Adc) 


- 

1.0 


(Iq = 2.0 Adc, l B = 0.4 Adc) 


- 

5.0 


Base-Emitter On Voltage (Note 1) 

v BE(on) 

- 

1.2 

Vdc 

(l C = 0.75 Adc, V CE = 5.0 Vdc) 






"DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 250 mAdc, V CE = 10 Vdc, f = 5.0 MHz) 

*T 

10 

- 

MHz 

Small-Signal Current Gain 
(l C = 250 mAdc, V C £ = 10 Vdc, f = 1.0 kHz) 

h fe 

25 

- 

- 

Common Base Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

250 

pF 


"SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 120 Vdc, l c = 750 mAdc, 

R|_ = 150 Ohms, 

*B1 = *B2 = 100 mAdc) 

tr 

- 

300 

ns 

Storage Time 

t S 

- 

3.5 

jUS 

Fall Time 

tf 

- 

1.2 

ius 


* Indicates JEOEC Registered Data. Note 1 : Pulse Test: Pulse Width <£300 jus. Duty Cycle ^2.0%. 


FIGURE 2 - THERMAL RESPONSE 



t, TIME (ms) 
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2N5190 thru 2N5192 



MOTOROLA 


SILICON NPN POWER TRANSISTORS 

. . . for use in power amplifier and switching circuits, — excellent safe 
area limits. Complement to PNP 2N5193, 2N5194, 2N5195 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N5190 

2N5191 

2N5192 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

veb 

5 0 — 

Vdc 

Collector Current 

>C 

— 4 0 

Adc 

Base Current 

>B 

1 o 

Adc 

Total Power Dissipation @ T^ = 25°C 

Derate above 25°C 

pd 

40 

320 

Watts 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

- -65 to +150 - ■ — ■ 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.12 

°C/W 


♦ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherw.se noted) 


Characteristic 


Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-E mitter Sustaining Voltage (1 


v CE0(sus) 



Vdc 

( 1 c = 0. 1 Adc, 1 B = 0) 

2N5190 


40 

- 



2N5191 


60 

- 



2N5192 


80 

- 


Collector Cutoff Current 


'CEO 



m Adc 

(V CE =40 Vdc, l B =0) 

2N5190 


- 

1.0 


(V CE =60 Vdc, l B =0) 

2N5191 


- 

1 0 


<V CE =80 Vdc, l B =0) 

2N5192 


- 

1 0 


Collector Cutoff Current 


'CEX 



mAdc 

(VcE = 40 Vdc, V EB ( 0 ff) = 1 5 Vdc) 

2N5190 


- 

0.1 


(V C E=60 Vdc, V E e ( 0 ff ) = 1 5 Vdc) 

2N5191 


- 

0.1 


(V CE = 80 Vdc, V EB ( 0 ff) = i 5 vdc) 

2N5192 


- 

0.1 


<VcE = 4 0Vdc,V EB ( o ff) = 1.5 Vdc, 

2N5190 


- 

2.0 


T C = 1 25°C) 






( Vc E =60 Vdc, VEB(off) = 1 5 Vdc, 

2N5191 


- 

2.0 


T C = 1 25°C) 






(V C e= 80 Vdc, V E B ( 0 ff) = 1 .5 Vdc, 

2N5192 


- 

2.0 


T C = 1 25°C) 






Collector Cutoff Current 


'CBO 



m Adc 

(V CB =40 Vdc,l E =0) 

2N5190 


- 

0.1 


( Vcb = 60 Vdc, 1 £ = 0) 

2N5191 


- 

0..1 


(V C b = 80 Vdc,l E =0) 

2N5192 


- 

0.1 


Emitter Cutoff Current 


'EBO 



mAdc 

1 V BE =5.0 Vdc, 1 c = 0) 



- 

1.0 


ON CHARACTERISTICS 

DC Current Gain(1) 


I'F E 



- 

(IC-1.6 Adc, V C E=2.0 Vdc) 

2N5190 


25 

100 



2N5191 


25 

100 



2N5192 


20 

80 


( 1 C = 4.0 Adc, V C E =2.0 Vdc) 

2N5190 


10 

- 



2N5191 


10 




2N5192 


7.0 

- 


Collector-Emitter Saturation Voltaged) 


VcE(sat) 



Vdc 

dC = 15 Adc, 1 B =0.15 Adc) 



- 

0.6 


(l c = 4.0 Adc, l B = 1.0 Adc) 



- 

1.4 


Base-EmitterOn Voltaged) 


^B E (on) 



Vdc 

(l C =15Adc, V CE = 2.0 Vdc) 



- 

1.2 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 


hr 



MHz 

dc=1-0 Adc, V CE = 10 Vdc,f=1.0MHz) 


2.0 

- 



< ’'Pulse Test: Pulse Width <300 *ts, Duty Cycle <2.0%. 
’Indicates JEOEC Registered Data 


4 AMPERE 

POWER TRANSISTORS 
SILICON NPN 

40-80 VOLTS 
40 WATTS 




DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

I TJ 

2.92 

3.18 

0.115 

0.125 

~ir 

2.31 

2.46 

0.091 

0.097 

“h* 1 

1.27 

2.41 

0.050 

0.095 

j 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 . 

0.655 

M 

3 

TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO- 126 
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2N5190 thru 2N5192 


FIGURE 11 RATING AND THERMAL DATA 
ACTIVE REGION SAFE OPERATING AREA 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 11 is based on Tj( p k) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 1 0% provided T j( p k ) < 1 50°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 50 100 200 500 1000 


t, TIME OR PULSE WIDTH (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



1 . . _ 

1 


l P 

p P 





P P 

1 

1 ! 

M ^ 


DUTY CYCLE D = ti-f = ^ 
‘P 

PEAK PULSE POWER = P p 


A tram of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
Figure 12 was calculated for various duty cycles. 

To find djQ(x), multiply the value obtained from Figure 12 by 

the steady state value 6 jc- 

Example: 

The 2N5190 is dissipating 50 watts under the following condi- 
tions: tj = 0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r (t -j , D) is 0.27. 

The peak rise in junction temperature is therefore: 

aT = r(t) X Pp X 0j C = 0.27 X 50X3.12 = 42.2°C 


1-149 




2N5193 thru 2N5195 



MOTOROLA 


SILICON PNP POWER TRANSISTORS 

... for use in power amplifier and switching circuits, — excellent safe 
area limits. Complement to NPN 2N5190, 2N5191, 2N5192 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N5193 

2N5194 

2N5195 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 ► 

Vdc 

Collector Current 

<C 

4.0 ► 

Adc 

Base Current 

1 B 

— 1.0 ► 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

-a 40 ► 

— 320 ► 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj- T s tg 

65 to + 1 50 ►- 

°C/W 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

' ^ JC 

3.12 

o 

O 


*ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

I Characteristic I Symb 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 0.1 Adc, l B = 0) 2IM5193 

2N5194 

2N5195 

v CEO(sus) 

40 

60 

80 

- 

Vdc , 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE =40 Vdc, l B = 0) 

2N5193 


- 

1 0 


(V C E = 60 Vdc, l B = 0) 

2N5194 


- 

1 0 


(Vce = 80 Vdc, l B = 0) 

2N5195 


- 

1 0 


Collector Cutoff Current 


'CEX 



mAdc 

(Vce = 40 Vdc, V B E (off) = 

1.5 Vdc) 2N5193 


- 

0 1 


(V C E=60Vdc,V BE(off) = 

1.5 Vdc) 2N5194 


- 

0 1 


(V CE = 80 Vdc, V BE ( 0 ff) = 

1.5 Vdc) 2N5195 


- 

0 1 


(Vce = 40 Vdc, V BE (off) = 

1.5 Vdc, 2N5193 


_ 

20 


T C = 125°C) 






(V C E = 60 Vdc, V BE (off) = 

1.5 Vdc, 2N5194 


- 

20 


T c = 125°C) 






(V C E = 80 Vdc, V BE ( 0 ff) = 

1.5 Vdc, 2N5195 


- 

2.0 


T C = 125°C) 






Collector Cutoff Current 


'CBO 



mAdc 

(Vcb = 40 Vdc, l E = 0) 

2N5193 


- 

0 1 


(Vcb = 60 Vdc, l E = 0) 

2N5194 


- 

0 1 


(V C B = 80Vdc, l E = 0) 

2N5195 


- 

01 


Emitter Cutoff Current 


'EBO 



mAdc 

(V BE = 5.0 Vdc, l C = 0) 



- 

1 0 



ON CHARACTERISTICS 


DC Current Gain (1) 

(lC = 1.5 Adc, Vce - 2.0 Vdc) 2N5193 

2N5194 

2N5195 

(IC = 4.0 Adc, Vce = 2.0 Vdc) 2N5193 

2N5194 

2N5195 

h FE 

25 

25 

20 

10 

10 

7.0 

100 

100 

80 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 



Vdc 

(l C = 1.5 Adc, l B = 0.15 Adc) 



0.6 


(l C = 4.0 Adc, l B = 1.0 Adc) 



1.4 


Base-Emitter On Voltage (1) 

VBE(on) 



Vdc 

(I C = 1 .5 Adc, V C e = 2,0 Vdc) 


- 

1.2 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

hr 



MHz 

(l c = 1.0 Adc, Vce- = 10 Vdc, f = 1.0 MHz) 


l 20 | 




'Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse WidthS 300 m*. Duty Cycle^.OX. 


4 AMPERE 

POWER TRANSISTORS 
SILICON PNP 

40-80 VOLTS 
40 WATTS 




STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0 125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3' 

0 TYP 

3° TYP 

on 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

s 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO- 126 
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2N5193 thru 2N5195 


FIGURE 1 - DC CURRENT GAIN 


. 7 . 0 =:tj.|50»c: 
i 5-0— 


— VCE = 2.0V 

— Vqe = 10 V 



lc, COLLECTOR CURRENT (AMP) 


FIGURE 2 - COLLECTOR SATURATION REGION 




0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

IB, BASE CURRENT (mA) 


FIGURE 3 - "ON” VOLTAGE 


-VBE(sat) @ IC/lB = 10-1 
























/! 

2 




<1 


/ 




7 

1 



rVBE@VcE : 

= 2 

0 V 










X 



— 



i ' 




f VcE(sat) @ «C/lB = 10L 


0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 T.O 2.0 3.0 4.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 4 - TEMPERATURE COEFFICIENTS 


* APPLIES FOR lc/lB<hFE/2- 
II Tj = -65°Cto+150°C || 


' # 0VC for VCE(sat) “ 


H BBSS 


0.01 0.020.03 0.05 0.1 


03 0.05 0.1 0.2 0.3 0.5 1.0 

1C, COLLECTOR CURRENT (AMP) 






2N5193 thru 2N5195 


FIGURE 5 - COLLECTOR CUT-OFF REGION 



+0.4 +0.3 +0.2 +0.1 0 -0.1 -0.2 -0.3 -0.4 -0.5 -0.6 

VBE. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 



FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 


FIGURE 8 - CAPACITANCE 


TURN-ON PULSE 


VBE(off) 
Vin 0 

APPROX -11 V 



TURN-OFF PULSE 


ti <7.0 ns 
100 <t2 < 500 ns 
t 3 < 15 ns 

DUTY CYCLE 35 2.0% 


R B AND R C VARIED 
TO OBTAIN DESIRED 
CURRENT LEVELS 



FIGURE 9 - TURN-ON TIME 


FIGURE 10 - TURN-OFF TIME 
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2N5193 thru 2N5195 


FIGURE 11 

RATING AND THERMAL DATA 
ACTIVE-REGION SAFE OPERATING AREA 



'• 1 I I I I 1 — L-l— L-U . 1 1 i— 1— l.J-l-i 

1.0 2.0 5.0 10 20 50 100 


Note 1: 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


The data of Figure 11 is based on Tj( p |<) = 150°C. Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 150°C. At high-case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 12 - THERMAL RESPONSE 



DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



^ 1/f -J n 

DUTY CYCLE D = tl f 

T P 

PEAK PULSE POWER = P p 


A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
Figure 12 was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 12 by 

the steady state value 0 jc- 

Example: 

The 2N5193 is dissipating 50 watts under the following condi- 
tions: t"\ = 0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r(ti , D) is 0.27. 

The peak rise in junction temperature is therefore: 

aT = r(t) X Pp X 0 jc = 0.27 X 50 X 3.12 = 42.2°C 
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2N5301 

2N5302 

2N5303 



MOTOROLA 


HIGH-POWER NPN SILICON TRANSISTORS 

... for use in power amplifier and switching circuits applications. 

• High Col lector- Emitter Sustaining Voltage — 

BVcEO(sus) = 80 Vdc (Min) @ \q = 200 (nAdc (2N5303) 

• Low Co I lector- Emitter Saturation Voltage — 

VcE(sat) = 0.75 Vdc (Max) @ lc = 10 Adc (2N5301, 2N5302) 
1.0 Vdc (Max) @ lc = 10 Adc (2N5303) 

• Excellent Safe Operating Area — 

200 Watt dc Power Rating to 30 Vdc (2N5303) 

• Complements to PNP 2N4398, 2N4399 and 2N5745 


20 AND 30 AMPERE 
POWER TRANSISTORS 

NPN SILICON 

40-60-80 VOLTS 
200 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Collector Current — Continuous 


Base Current 


Total Device Dissipation @Tc=25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 2N5301 2N5302 2N5303 Unit 


v CEO 


V CB 


PD 


T jT s tg 


40 


30 


60 


30 


80 


20 


Vdc 


Watts 

W/°C 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

°C/W 

Thermal Resistance, Case to Ambient 

0 CA 

34 

°c/w 


‘Indicates JEDEC Registered Data. 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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ELECTRICAL CHARACTERISTICS (Jq = 25° unless otherwise noted) 


Characteristic [ Symbol | Min | Max | Unit ~j 


*OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 

<I C = 200 mAdc, l B = 0) 

2N5301 

2N5302 

2N5303 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(Vqe = 40 Vdc, l B = 0) 

2N5301 


- 

5.0 


(Vce = 60 Vdc, lg = 0) 

2N5302 


- 

5.0 


(V C e = 80 Vdc, l B = 0) 

2N5303 



5.0 


Collector Cutoff Current 


•CEX 



mAdc 

(Vqe = 40 Vdc, V EB ( off ) = 1.5 Vdc) 

2N5301 


- 

1.0 


(V C E = 60 Vdc, V EB(off) = 1.5 Vdc) 

2N5302 


- 

1.0 


( V C E = 80 Vdc, V EB(off) = 1 .5 Vdc) 

2N5303 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(V C E - 40 Vdc, V EB(of f) = 1 .5 Vdc, T C = 150°C) 

2N5301 


- 

10 


(V C £ = 60 Vdc, V EB ( 0 ff) * 1 ,5 Vdc, T C - 150°C) 

2N5302 


- 

10 


(V C E = 80 Vdc, V EB ( of f) - 1 .5 Vdc, T C = 150°C) 

2N 5303 


~ 

10 


Collector Cutoff Current 


'CBO 



mAdc 

<V C B = 40 Vdc, l E = 0) 

2N5301 


- 

1.0 


(V CB = 60 Vdc, l E = 0) 

2N5302 


- 

1.0 


(V CB = 80Vdc, l E = 0) 

2N5303 


- 

1.0 


Emitter Cutoff Current 


*EBO 

- 

5.0 

mAdc 

(V B E = 5-0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (Note 1) 

*(I C = 1 0 Adc, V CE = 2.0 Vdc) 

ALL TYPES 

h FE 

40 

_ 

~ 

MI C = 10Adc, V CE = 2.0 Vdc) 

2N5303 


15 

60 


# (I C = 15 Adc, V CE = 2.0 Vdc) 

2N5301.2N5302 


15 

60 


(l c = 20 Adc, V CE = 4.0 Vdc) 

2N5303 


5.0 

- 


(1C = 30 Adc, V CE = 4.0 Vdc) 

2N 5301.2N5302 


5.0 

- 


'Collector-Emitter Saturation Voltage (Note 1) 


v CE(sat) 



Vdc 

(IC= 10 Adc, l B = 1.0 Adc) 

2N5301.2N5302 


- 

0.75 


(l C = 10 Adc, l B = 1.0 Adc) 

2N5303 


- 

1.0 


(l C = 15 Adc, l B = 1.5 Adc) 

2N5303 


- 

1.5 


(Iq = 20 Adc, l B = 2.0 Adc) 

2N5301.2N5302 


- 

2.0 


Oc = 20 Adc, l B = 4.0 Adc) 

2N5303 


- 

2.0 


(lc = 30 Adc, l B = 6.0 Adc) 

2N5301.2N5302 


.. . .. ” d 

3.0 


'Base-Emitter Saturation Voltage (Note 1) 


v BE(sat) 



Vdc 

«C“ 10 Adc, l B = 1.0 Adc) 

ALL TYPES 

- 

1.7 


(l C = 15 Adc, l B = 1.5 Adc) 

2N5301.2N5302 


- 

1.8 


(l C = 15 Adc, l B = 1.5 Adc) 

2N5303 


- 

2.0 


(Iq = 20 Adc, l B = 2.0 Adc) 

2N 5301, 2N 5302 


- . 

2.5 


0 C * 20 Adc. I 8 = 4.0 Adc) 

2N5303 


- 

2.5 


•Base-Emitter On Voltage (Note 1 ) 


v BE(on> 



Vdc 

(l C = 10 Adc, V C E = 2.0 Vdc) 

2N5303 


- 

1.5 


(1C = 15 Adc, V C E = 2.0 Vdc) 

2N5301.2N5302 


- 

1.7 


0 C = 20 Adc, V C £ = 4.0 Vdc) 

2N5303 



2.5 


(l C = 30 Adc, V CE = 4.0 Vdc) 

2N5301.2N5302 



3.0 



'DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(IC= 1.0 Adc, Vce = 10 Vdc,f = 1.0 MHz) 

IT 

2.0 


MHz 

Small-Signal Current Gain 
(l C - 1 0 Adc, V C E * 10 Vdc, f - 1.0 kHz) 

hfe 

40 

- 



'SWITCHING CHARACTERISTICS 


Rise Time 

(V C c = 30 Vdc, ( C = 10 Adc, | 01 = | B2 = 1.0 Adc) 

V 

- 

1.0 

MS 

Storage Time 

ts 

- 

2.0 

MS 

Fall Time 

tf 

_ 

i 

1.0 

MS 


'indicates JE DEC Registered Data. 

Note 1 : Pulse Test: Pulse Width ^ 300 fis. Duty Cycle £ 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 2 - TURN-ON TIME 


FIGURE 3 - TURN-OFF TIME 
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2N5301, 2N5302, 2N5303 


FIGURE 4 - THERMAL RESPONSE 
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t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA FIGURE 6 - CAPACITANCE versus VOLTAGE 
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Ic, COLLECTOR CURRENT (mA) r BE. EXTERNAL BASE EMJTTER 


2N5301 , 2N5302, 2N5303 



0.03 0.05 U.1 0.3 0.5 1.0 3.0 5.0 10 30 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 11 - EFFECTS OF BASE-EMITTER RESISTANCE 
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VbE, BASE-EMITTER VOLTAGE (VOLTS) 


W° c > V, VOLTAGE (VOLTS) 


FIGURE 10 - COLLECTOR SATURATION REGION 


1.3 
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IB, BASE CURRENT (AMP) 
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FIGURE 14 - TEMPERATURE COEFFICIENTS 
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2N5336 

thru 

2N5339 



MOTOROLA 


MEDIUM-POWER NPN SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1.2 Vdc (Max) @ lc = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space-Limited 

Applications 

• Complement to 2N6190 thru 2N61 93 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5336 

2N5337 

2N5338 

2N5339 

Unit 

Collector-Emitter Voltage 

v CE0 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

CD 

111 

> 

6.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Base Current 

>B 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

PD 

6.0 

Watts 

Derate above 25°C 


34.3 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J, T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

29.2 

°C/W 



5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

80-100 VOLTS 
6 WATTS 



a 

j r 


-B 


SEATING 

PLANE 


rP C 

L. * 

T T t 




JL 



■ 

DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

0 406 

0 533 

0.016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0.016 

0.019 

G 

4.83 

5.33 

0 190 

0.210 

H 

0.711 

0.864 

0.028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

- 

0.500 

- 

L 

6.35 

- 

0 250 

- 

M 

45° N0M 

45° N0M 

P 

7 1 1.27 

- 

0.050 

Q 

90° N0M 

90° N0M 

R 

2.54 | - 

0.100 

- 


All JEDEC dimensions and notes apply. 


CASE 79-02 

(TO-39) 
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2N5336 thru 2N5339 


ELECTRICAL CHARACTERISTICS (T^ = 25°C, unless otherwise noted) 

| Characteristic | Fig No. | Symbol | Min | Max | Unit 1 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* 

( 1 C = 50 mAdc, l B = 0) 

2N5336, 2N5337 
2N5338, 2N5339 

~ 

b VCEO<sus)* 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 

'CEO 



MAdc 

(V C e = 75 Vdc, l B = 0) 

2N5336, 2N5337 



- 

100 


(V CE = 90 Vdc, l B = 0) 

2N5338, 2N5339 



- 

100 


Collector Cutoff Current 


12 

<CEX 



MAdc 

(V CE = 75 Vdc, V EB(off ) = 1.5 Vdc) 

2N5336, 2N5337 



- 

10 


(V CE = 90 Vdc, V EB (off) = 1.5 Vdc) 

2N5338, 2N5339 



- 

10 


(V CE = 75 Vdc, V EB ( off ) = 1.5 Vdc, 

2N5336, 2N5337 






T C = 150°C) 




- 

1.0 

mAdc 

(V CE = 90 Vdc, V EB(off) = 1.5 Vdc. 

2N5338, 2N5339 

! 





T C = 150°C) 




- 

1.0 


Collector Cutoff Current 


- 

•CBO 



MAdc 

(V C b = 80 Vdc, I e = 0) 

2N5336, 2N5337 



~ 

10 


(V C b = 100 Vdc, l E = 0) 

2N5338, 2N5339 




10 


Emitter Cutoff Current 


_ 

*EBO 



MAdc 

(V BE = 6.0 Vdc, l c = 0) 




- 

100 



OIM CHARACTERISTICS 


DC Current Gain* 

(l c = 500 mAdc, V CE = 2.0 Vdc) 2N5336, 2N5338 

2N5337, 2N5339 

(1C = 2.0 Adc, V CE = 2.0 Vdc) 2N5336, 2N5338 

2N5337, 2N5339 

(l C = 5.0 Adc, V CE = 2.0 Vdc) 2N5336, 2N5338 

2N5337, 2N5339 

8 

h FE* 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage* 

9,11, 13 

VcE(sat)* 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 



- 

0.7 


(l C = 5.0 Adc, l B = 0.5 Adc) 



- 

1.2 


Base-Emitter Saturation Voltage* 

11, 13 

v BE(sat)* 



Vdc 

(IC = 2.0 Adc, l B = 0.2 Adc) 



- 

1.2 


(l c = 5.0 Adc, l B = 0.5 Adc) 



- 

L8 j 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(1C = 0.5 Adc, V C E = 10 Vdc, f = 10 MHz) 

~ 

fT 

30 

_ 

MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

7 

C Q b 

_ 

250 

PF 

Input Capacitance 

(V BE = 2.0 Vdc, lc = 0, f = 100 kHz) 

7 

Cib 

_ 

1,000 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V CC = 40 Vdc, V EB<off) = 3.0 Vdc, 

(IC = 2.0 Adc, l B i =0.2 Adc) 

2,3 

l d 

- 

100 

ns 

Rise Time 

tr 

- 

100 

ns 

Storage Time 

(Vcc = 40 Vdc, *C = 2.0 Adc, 

*B1 = *B2 = °- 2 Adc ) 

2,6 

ts 

- 

2.0 

MS 

Fall Time 

tf 

- 

200 

ns 


*Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


-11.6 V V cc 




0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C. COLLECTOR CURRENT (AMPS) 
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2N5336 thru 2N5339 


FIGURE 4 - THERMAL RESPONSE 
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t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc~ VcE limits of the transistor 
that must be observed for reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pj<) = 
200°C; Tq is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% pro- 
videdTj(pk) ^200°C. Tj(p|<) may be calculated 
from the data in Figure 4. At high case tem- 
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break- 
down. 
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FIGURE 7 - CAPACITANCE versus VOLTAGE 
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Vr, REVERSE VOLTAGE (VOLTS) 
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2N5344 

2N5345 


(M) MOTOROLA 


HIGH VOLTAGE POWER PNP SILICON TRANSISTORS 
. . . designed for high-voltage switching and amplifier applications. 

• High Voltage Ratings — VqeO = 250 and 300 Vdc 

• Fast Switching Times — Typically Less Than 550 ns 

Total @ VqC = 100 Vdc 

• High Current-Gain-Bandwidth Product — 

fj = 60 MHz (Min) @ lc - 100 mAdc 

• Packaged in the Compact, High-Efficiency T0-66 Case 


MAXIMUM RATINGS 


Rating 

Symbol 

2N5344 

2N5345 

Unit 

Collector-Emitter Voltage 

v 

v CEO 

250 

300 

Vdc 

Collector-Base Voltage 

V CB 

250 

300 

Vdc 

Emitter-Base Voltage 

y EB 

5. 

0 

Vdc 

Collector Current — Continuous 

l c 

1.0 

Adc 

Base Current — Continuous 

J B 

0 . 

5 

Adc 

Total Device Dissipation @T C = 25° C 

P D 

40 

Watts 

Derate above 25° C 


228 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J’ T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

4.38 

°c/w 


Pd, POWER DISSIPATION (WATTS) 

FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 
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0 20 40 60 80 100 120 140 160 180 200 

Tc, CASE TEMPERATURE (°C) 

Safe Area Curves Are Indicated By Figure 5. 

All Limits Are Applicable And Must Be Observed 


1 AMPERE 

POWER TRANSISTORS 
PNP SILICON 


250-300 VOLTS 
40 WATTS 


1 1 


oJ 



P — 

1 



SEATING PLANE 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 




F -| 

CASE 

Pj 

■i c. 

b i 

H ^ Vi 


t \ Y \ 1 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO-66 
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2N5344, 2N5345 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 

Characteristic j Fig. No. j Symbol j~ " Min j Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 10 mAdc, l B = 0) 

2N5344 

2N5345 

5 

v CEO(sus) 

250 

300 

- 

Vdc 

Collector Cutoff Current 



10, 12 

'CEX 



/uAdc 

(V C E = 225 Vdc, VBE(off) = 

1 5 Vdc) 

2N5344 




100 


(VcE = 270 Vdc, V BE ( 0ff ) = 

1 5 Vdc) 

2N5345 




100 


(V C e = 225 Vdc, V BE (off) = 

1.5 Vdc, 







T c = 1 50°C) 


2N5344 



— 

1 0 

mAdc 

(V CE = 270 Vdc, V BE ( 0ff ) = 

1.5 Vdc, 







T c = 1 50°C) 


2N5345 



— 

1 0 


Collector Cutoff Current 



— 

*CBO 



mAdc 

(Vcb = Rated V^g, l E = 0) 






0.1 


Emitter Cutoff Current 




>EBO 



mAdc 

(V BE = 5 0 Vdc, l c = 0) 





- 

0 1 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l c = 500 mAdc, V CE = 5.0 Vdc) 

(l c = 1 0 Adc, V CE = 5.0 Vdc) 

8 

hpE 

25 

7.0 

150 

~ 

Collector-Emitter Saturation Voltage 
(1C =10 Adc, l B = 0 2 Adc) 

9, 11, 13 

v CE(sat) 


3 0 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 0 2 Adc) 

11, 13 

v BE(sat) 


1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 1 00 mAdc, V CE = 20 Vdc, f = 10 MHz) 

_ 

it 

60 


MHz 

Output Capacitance 
(Vcb = 10 Vdc, l E = 0) 

7 

Oob 

_ 

200 

pF 

: 

SWITCHING CHARACTERISTICS 

Turn-On 

(V C C = 100 Vdc, l C = 500 mAdc, 

1 b 1 = 1 b 2 ~ 50 mAdc) 

2, 3 

Ion 

— 

200 

ns 

Turn-Off 

(V cc = 100 Vdc, l C = 500 mAdc, 

1 b 1 - 1 B2 = 50 mAdc) 

2, 6 

toff 

— 

700 

ns 

(1 ) Pulse Test Pulse Width = 300 M s. Duty Cycles 2 0% 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

1000 1= 

FIGURE 3- TURN-C 

3N TIME 



m l I I I II I I II I 1 1 1 1 II 

0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 


1C, COLLECTOR CURRENT (AMP) 
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2N5344, 2N5345 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 


20 30 50 100 200 300 500 1000 


t, TIME (ms) 



20 30 40 50 70 100 200 300 400 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 

1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. 

Safe operating area curves indicate lc — VCE limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is var- 
iable depending on conditions. Pulse curves are valid for duty 
cycles of 10% provided Tj( p |<) ^ 200°C. Tj( p k) may be calcu- 
lated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by secondary breakdown. 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 

V R , REVERSE VOLTAGE (VOLTS) 
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Ic, COLLECTOR CURRENT (AMPS) RBE, EXTERNAL BASE-EMITTER RESISTANCE (OHMS) Hre. DC CURRENT GAIN 


2N5344, 2N5345 


TYPICAL DC CHARACTERISTICS 



1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


FIGURE 9 - COLLECTOR SATURATION REGION 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 


1.3 


IC, COLLECTOR CURRENT (mA) 


IB, BASE CURRENT (mA) 


IGURE 10 - EFFECTS OF BASE-EMITTER RESISTANCE 



0 20 40 60 80 100 120 140 160 180 200 


Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 11 - "ON" VOLTAGES 


Tj = 25°C 



1 — f- VBE(sat) * C/I B = 5.0 to 10 

— T v B e@vce = i.ov< 


VbE@ Vce = 


“ VcE(sat) @ Ic/IB = 10~ 


5k* 


l P /lB . = . 5 .- 0 ^li 


1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

IC, COLLECTOR CURRENT (mA) 



0.3 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 


FIGURE 13 - TEMPERATURE COEFFICIENTS 
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VbE, BASE-EMITTER VOLTAGE (VOLTS) 


IC, COLLECTOR CURRENT (mA) 









MOTOROLA 


MEDIUM-POWER NPN SILICON TRANSISTORS 

. . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — VcE(sat) = 1 *2 Vdc 

(Max) @ Jc = 7 -0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration 

• Complementary to 2N6186 thru 2N6189 



Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 

Base Current 

Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

Operating and Storage Junction 

Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 
Indicates JEDEC Registered Data. 


Symbol 

2N5346 2N5348 

2N5347 2N5349 

Unit 

v CEO 

80 100 

Vdc 

V CB 

80 100 

Vdc 

< 

m 

CD 

6.0 

Vdc 

'c 

7.0 

Adc 

•b 

1.0 

Adc 

Pd 

60 

343 

Watts 

mW/°C 

T J, T stg 

-65 to +200 

°C 



Symbol 

Max 

Unit 

0.IC i 

2.91 

°C/W 


POWER TRANSISTORS 
NPN SILICON 


80-100 VOLTS 
60 WATTS 





— T ^ 2 . B 


3. C 


n fir:-_D 



C 

C=5 r k 

f T | ^ 


10-32 UNF-2A " 
COATED 


ffl In M 

SU P J SEATING 
s 1 PLANE 


MILLIMETERS INCHES 


FIGURE 1 - POWER TEMPERATURE DERATING CURVE 




DIM 

MIN 

MAX 

MIN 

MAX 

B 

10.77 

11.10 

0.424 

0.437 

C 

8.13 

11.89 

0.320 

0.468 

E 

2.29 

3.81 

0.090 

0.150 

G 

4.70 

5.46 

0.185 

0.215 

H 

- 

1.98 

— 

0.078 

J 

10.16 

11.56 

0.400 

0.455 

K 

14.48 

19.38 

0.570 

0.763 

L 

2.29 

2.79 

0.090 

0.110 

N 

- 

6.35 

— 

0.250 

P 

4.14 

4.80 

0.163 

0.189 

Q 

1.02 

1.65 

0.040 

0.065 

R 

8.08 

9.65 

0.318 

0.380 

S 

4.212 

4.310 

0.1658 

0.1697 

T 

9.65 

11.10 

0.380 

0.437 


All JEDEC dimensions and notes apply 
Collector isolated from case. 


Tc, CASE TEMPERATURE (0C) 

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 


CASE 160-03 

TO-59 







2N5346 thru 2N5349 


•ELECTRICAL CHARACTERISTICS (Tq = 25°C, unless otherwise noted) 

[ Characteristic | Fig. No. | Symbol | Min [ Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(Iq = 50 mAdc, l B = 0) 

2N5346, 2N5347 
2N5348, 2N5349 




- 


Collector Cutoff Current 


- 





(V CE = 75 Vdc, l B = 0) 

2N5346, 2N5347 



- 



(V CE = 90 Vdc, l B = 0) 

2N5348, 2N5349 



- 



Collector Cutoff Current 


12 

>CEX 



MAdc 

(V C E = 75 Vdc, V EB(off) = 1-5 Vdc) 

2 N 5346, 2N5347 



- 

10 


(V CE = 90 Vdc, V EB ( 0 ff) = 1 .5 Vdc) 

2N5348, 2N5349 



- 

10 


(Vqe = 75 Vdc, V EB(off ) = 1-5 Vdc, 







T c = 1 50°C) 

2N5346, 2N5347 



- 

1.0 

mAdc 

(V CE = 90 Vdc, V EB(off) = 1.5 Vdc, 







T C = 1 50°C) 

2N5348, 2N5349 



- 



Collector Cutoff Current 


- 

'CBO 



MAdc 

(V CB = Rated V CB ,Ie = 0) 





10 


Emitter Cutoff Current 


- 

•EBO 

1 


MAdc 

(V EB = 6.0 Vdc, l C = 0) 




' 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

(Iq = 500 mAdc, V CE = 2.0 Vdc) 

(l C = 2.0 Adc, V CE - 2.0 Vdc) 

(Iq = 5.0 Adc, V CE = 2.0 Vdc) 

2N5346, 2N5348 
2N5347, 2N5349 

2 N 5346, 2N5348 
2N5347, 2N5349 
2N5346, 2N5348 
2N5347, 2N5349 

8 

h F E 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage 


9, 11, 13 

v CE(sat) 



Vdc 

(Iq = 2.0 Adc, l B = 0.2 Adc) 




- 

0.7 


(Iq = 7.0 Adc, l B = 0.7 Adc) 




- 

1.2 


Base-Emitter Saturation Voltage 


11,13 

v BE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 




- 

1.2 


(Iq = 7.0 Adc, l B = 0.7 Adc) 




- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(Iq = 500 mAdc, V CE - 10 Vdc, f = 10 MHz) 

~ 

*T 

30 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

7 

C Q b 

- 

250 

pF 

Input Capacitance 

(V BE = 2.0 Vdc, Iq = 0, f = 100 kHz) 

7 

Cib 

_ 

1 ,000 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(VQQ = 40 Vdc. V EB ( 0 ff) = 3.0 Vdc, 

(Iq = 2.0 Adc, I B1 = 200 mAdc) 

2,3 

td 

- 

100 

ns 

Rise Time 

t r 

- 

100 

ns 

Storage Time 

(Vcc = 40 Vdc, l C = 2.0 Adc, 

1 b 1 = • B2 = 200 mAdc) 

2,6 

ts 

- 

2.0 

MS 

Fall Time 

tf 

- 

200 

ns 


•Indicates JEDEC Registered Data. (1 ) Pulse Test: Pulse Width » 300 ms, Duty Cycle « 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


~ 


= 

- 

= 

- 

- 

- 

- 

- 



£ 

= 

lllhl 

■mu 

Va\\\ 

■Hill 

■iiiii 

■■■an 

HHH 

Hi 

HI 

H 

iH 

Hi 

H 

■ 

■ 

■i 

MK3 

wmm 

> 



HH 

Hi 

■ 

H 

IH 

H 


■ 

■ 

■i 

hh 

58 



■iiiii? 

imm 

Hi 



hh 

IH 


H 

■ 

■i 

HH 





— 

= 

= 


— 


i 

i 

■ 

■ 

Si 


ii 

| 

I^S 

gpn 



— 

— 

- 

Tj = 20io° 

C 





ITE 

D i 

ai 

WmSfcS* 

- 

-- 

— 

- 

BONDING WIRE LIMITED 
THERMALLY LIMITED 

— 

= 

zz 

E: 

PULSE DUTY CYCLE < 
CURVES APPLY BELOW 
RATED VcEO 

o% - 

z: 

=3 



— i 

n! 

— i 

E 

' 21 
' 21 

M53^ 

N534 


■Hi 

■ 

■ 

H 

■.J-LU1U-.-LII 


nam 


1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 
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There are two limitations on the power han- 
dling ability of a transistor: junction tempera- 
ture and secondary breakdown. Safe operating 
area curves indicate Iq — Vqe limits of the 
transistor that must be observed for reliable 
operation; i.e., the transistor must not be sub- 
jected to greater dissipation than the curves 
indicate. 

The data of Figure 5 is based on Tj(p|<) = 
200 C; Tc is variable depending on conditions. 
Pulse curves are valid for duty cycles of 10% 
provided Tj( p | < )<200 o C. Tj(p|<) may be calcu- 
lated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce 
the power that dan be handled to values less 
than the limitations imposed by secondary 
breakdown. 


FIGURE 7 - CAPACITANCE versus VOLTAGE 
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2N5346 thru 2N5349 
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FIGURE 10 - EFFECTS OF BASE EMITTER 
RESISTANCE 
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Tj, JUNCTION TEMPERATURE (°C) 
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2N5427 

thru 

2N5430 




MOTOROLA 


MEDIUM-POWER NPN SILICON TRANSISTORS 


. . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1.2 Vdc (Max) @ \q = 7.0 Adc 

• DC Current Gain Specified to 7 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-66 Case 


POWER TRANSISTORS 
NPN SILICON 


80-100 VOLTS 
40 WATTS 



,JBg7TMU,',LV4W7n7Mi,',LVll | 


EMFnTiraiai'ifM B 
I BBIEl—i EBEM l 

nPTIHHl 


All JEOEC Dimensions and and Notes Apply. 
CASE 80-02 

TO-66 







2N5427 thru 2N5430 


^ELECTRICAL CHARACTERISTICS (To = 25°C, unless otherwise noted) 

\ Characteristic | Fig. No. | Symbol | Min ) Max | Unit~ 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage <1) 

(l c = 50 mAdc, l B = 0) 

2N5427, 2N5428 
2N 5429, 2N5430 

" 

BVcEO(sus)* 

80 

100 

- 

Vdc 

Collector Cutoff Current 


- 

•CEO 



MAdc 

(V CE = 75 Vdc, l B = 0) 

2N5427, 2N5428 



— 

100 


(V C E = 90 Vdc, l B = 0) 

2N 5429, 2IM5430 



- 

100 


Collector Cutoff Current 


12 

! CEX 



MAdc 

(V CE = 75 Vdc, V E B (off) = 1 -5 Vdc) 

2N5427, 2N5428 



- 

10 


(Vce = 90 Vdc, V EB ( 0 f f ) = 1.5 Vdc) 

2N 5429, 2N 5430 



- 

10 


(V C E = 75 Vdc. V EB(off) = 15 Vdc, 







T c = 1 50°C) 

2N5427, 2N5428 



- 

1.0 

mAdc 

(V CE = 90 Vdc, V EB(off) = 1-5 Vdc. 







T C = 1 50°C) 

2N 5429, 2N 5430 



- 

1.0 


Collector Cutoff Current 


- 

>CBO 



MAdc 

(Vce = Rated Vq B I e = 0) 



: 

- 

10 


Emitter Cutoff Current 


_ 

'EBO 



MAdc 

(V BE =6.0 Vdc, l c = 0) 



1 

- 

100 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 500 mAdc, V CE = 2.0 Vdc) 

(l c = 2.0 Adc, V CE = 2.0 Vdc) 

(1C = 5.0 Adc, V CE = 2.0 Vdc) 

2N 5427, 2N5429 
2N 5428, 2N5430 
2N5427, 2N5429 
2N5428, 2N5430 
2N5427, 2N5429 
2N5428, 2N5430 

8 

h FE * 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage 


9, 11, 13 

v CE(sat)* 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 




- 

0.7 


(l c = 7.0 Adc, l B = 0.7 Adc) 




- 

1.2 


Base-Emitter Saturation Voltage 


11, 13 

v BE (sat)* 



Vdc 

(l C = 2.0 Adc, l B =0.2 Adc) 




- 

1.2 


(l c = 7.0 Adc, l B = 0.7 Adc) 




- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(lc = 500 mAdc, Vce = 10 Vdc, f = 10 MHz) 

- 

it 

30 


MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

7 

Cob 

_ 

250 

pF 

Input Capacitance 

(V BE = 2.0 Vdc, l c = 0, f = 100 kHz) 

7 

Cib 

_ 

1,000 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(V C c = 40 Vdc, V E8 ( off ) = 3.0 Vdc, 

2,3 

*d 

- 

100 

ns 

Rise Time 

(lc = 2.0 Adc, l B i = 200 mAdc) 


tr 

- 

100 

ns 

Storage Time 

(V C c = 40 Vdc. lc = 2.0 Adc, 

2,6 


- 

2.0 

MS 

Fall Time 

*81 = *B2 = 200 mAdc) 


tf 

- 

200 

ns 


'Indicates JEDEC Registered Data. (1 )Pulse Test: Pulse Width « 300 ms, Duty Cycle » 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
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r(t). NORMALIZED EFFECTIVE TRANSIENT 

TIME (MS) l Cl COLLECTOR CURRENT (AMPS) THERMAL RESISTANCE 


2N5427 thru 2N5430 


FIGURE 4 - THERMAL RESPONSE 



t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



FIGURE 6 - TURN-OFF TIME 



There are two limitations on the power han- 
dling ability of a transistor: junction temperature 
and secondary breakdown. Safe operating area 
curves indicate lc~ V CE limits of the transistor 
that must be observed for reliable operation; 
i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 
200°C; Tq is variable depending on conditions. 
Pulse curves are valid for duty cycles of 1 0% pro- 
videdTjjpk) ^200°C. Tj(p|<) maybe calculated 
from the data in Figure 4. At high case tem- 
peratures, thermal limitations will reduce the 
power that can be handled to values less than 
the limitations imposed by secondary break- 
down. 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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rbe, external base-emitter 


2N5427 thru 2N5430 








2N5629, 2N5630, 2N5631 npn 

2N6029, 2N6030, 2N6031 pnp . 

(r*\) MOTOROLA 


HIGH-VOLTAGE - HIGH POWER TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage - 

VcEO(sus) = 100 Vdc - 2N5629, 2N6029 
= 120 Vdc - 2N5630, 2N6030 
= 140 Vdc - 2N5631 , 2N6031 

• High DC Current Gain — @ \q = 8.0 Adc 

hpE = 25 (Min) - 2N5629, 2N6029 
= 20 (Min) - 2N5630, 2N6030 
= 15 (Min) — 2N5631 , 2N6031 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1 0 Vdc (Max) @ \q = 10 Adc 


16 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 


100-120-140 VOLTS 
200 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Base Current - Continuous 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


T J ,T stg 


2N5629 2N5630 2N5631 
2N6029 2N6030 2N6031 


-16- 

- 20 - 


- 200 - 
-1. 14- 


Watts 

W/°C 



"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

y JC 

0.875 

°C/W 


Indicates JEDEC Registered Data 



Jj 


3 - 




SEATING 

PLANE 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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2N5629, 2N5630, 2N5631 NPN 
2N6029, 2N6030, 2N6031 PNP 


’ELECTRICAL CHARACTERISTICS (Tc 

I Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(l c = 200 mAdc, l B = 0) 


Collector-Emitter Cutoff Current 
(Vqe = 50 Vdc, l B = 0) 

(V CE = 60 Vdc, l B = 0) 

(Vqe = 70 Vdc, l B = 0) 

Collector-Emitter Cutoff Current 
(Vce = Rated Vq B , V EB ( 0 ff) = 15 Vdc) 

(Vqe = Rated Vq B , V E B(off) = 1 5 Vdc, Tq = 1 6 

Collector-Base Cutoff Current 
(Vcb = Rated Vq B , I e = 0) 

Emitter-Base Cutoff Current 
(V BE = 7.0 Vdc, l c = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 
(Iq = 8.0 Adc, V CE = 2.0 Vdc) 

(l c = 16 Adc, V CE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(l c = 10 Adc, l B = 1.0 Adc) 

(Iq = 16 Adc, l B = 4.0 Adc) 

Base-Emitter Saturation Voltage 
(Iq = 10 Adc, l B = 1.0 Adc) 

Base-Emitter On Voltage 
(Iq = 8.0 Adc, V CE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product (2) 

(1C = 1.0 Adc, V CE = 20 Vdc, f test = 0.5 MHz) 

Output Capacitance 
(Vq B = 10 Vdc, l E = 0, f = 0.1 MHz) 

Small-Signal Current Gain 
(Iq = 4.0 Adc, V CE = 10 Vdc, f = 1.0 kHz) 
Indicates JEDEC Registered Data. 

(1) Pulse Test- Pulse Width <300 ms, Duty Cycle # 

(2) fr = l h fe) • W 


= 25°C unless otherwise noted) 

I Symbol 


2N5629, 2N6029 
2N5630, 2N6030 
2N5631, 2N6031 

2N5629, 2N6029 
2N5630, 2N6030 
2N5631 , 2N6031 


v CEO(sus) 


2N5629, 2N6029 
2N5630, 2N6030 
2N5631 , 2N6031 
All Types 

h FE 

25 

20 

15 

4.0 

100 

80 

60 

All Types 

v CE(sat) 

- 

1.0 

2.0 


v BE(sat) 


1.8 


v BE(on) 

- 

1.5 




f T 

1.0 

- 

2N5629, 30, 31 
2N6029, 30,31 

^ob 

- 

500 

1000 


hfe 

15 

- 



FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t r , tf <:10 ns 
DUTY CYCLE = 1.0% 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE 1 b ~100 mA 
MSD6100 USED BELOW I b ^ 1 00 mA 



0.5 0.7 ,1.0 2.0 3.0 5.0 7.1 

1C, COLLECTOR CURRENT (AMP) 


For PNP test circuit, reverse all polarities and D 1. 





There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j ( p k) ^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


PNP 

2N6029, 2N6030, 2N6031 



0 . 21.1 1 . . 

0.2 0.3 


0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMP) 





hFE, DC CURRENT GAIN C, CAPACITANCE (pF) 






2N5632, 2N5633, 2N5634 npn 
2N6229, 2N6230, 2N6231 pnp 


(M) MOTOROLA 


1.3 


HIGH VOLTAGE-HIGH-POWER 
SILICON TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high-voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 100 Vdc (Min) - 2N5632, 2N6229 
= 120 Vdc (Min) - 2N5633, 2N6230 
= 140 Vdc (Min) - 2N5634, 2IM6231 

• High DC Current Gain @ lc = 5.0 Adc - 

hpE = 25 (Min) - 2N5632, 2N6229 
= 20 (Min) - 2N5633, 2N6230 
= 15 (Min) — 2N5634, 2N6231 

• Low Collector-Emitter Saturation Voltage - 

v CE(sat) = 10 Vdc (Max) @ lc = 7.5 Adc 


"MAXIMUM RATINGS 



FIGURE 1 - POWER DERATING 



Tc, CASE TEMPERATURE (°C) 


Safe area limits are indicated by Figure 5. 

Both limits are applicable and must be observed. 
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2N5632, 2N5633, 2N5634 NPN 
2N6229, 2N6230, 2N6231 PNP 


•ELECTRICAL CHARACTERISTICS <Tc = 25°c unless otherwise noted) 

1 Characteristic I Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage^ U 
( 1 C = 200 mAdc, l B = 0) 

2N5632, 2N6229 
2N5633, 2N6230 
2N5634, 2N6231 

v CEO(sus) 

100 

120 

140 


Vdc 

Collector-Emitter Cutoff Current 


•CEO 



mAdc 

(V CE = 50 Vdc, l B =0) 

2N5632, 2N6229 


- 

1.0 


(Vqe = 60 Vdc « *B = 

2N5633, 2N6230 


- 

1.0 


(V CE = 70 Vdc, l B = 0) 

2N5634, 2N6231 


~ 

1.0 


Collector-Emitter Cutoff Current 


>CEX 



mAdc 

(V CE = Rated V CB , V EB ( off ) = 1.5 Vdc} 



- 

1.0 


(Vqe “ Rated V CB' v EB(off) = 15 Vdc - T C = 

1 50°C) 


- 

5.0 


Collector Base Cutoff Current 

1 

*CBO 

- 

1.0 

mAdc 

(Vcb = Rated Vq B , l E = 0) 

; 





Emitter-Base Cutoff Current 


•ebo 

- 

1.0 

mAdc 

(V BE = 7.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain^ 

(l C = 5.0 Adc, V CE = 2.0 Vdc) 2N5632, 2N6229 

2N5633, 2N6230 
2N5634, 2N6231 

(l c = 10 Adc, V CE = 2.0 Vdc) All Types 

h FE 

25 

20 

15 

5.0 

100 

80 

60 


Collector-Emitter Saturation Voltage 
(lc = 7.5 Adc. I B = 0.75 Adc) 

(IC= 10 Adc, l B = 2.0 Adc) 

v CE(sat) 

- 

1.0 

2.0 

Vdc 

Base-Emitter Saturation Voltage 
(IC = 7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 

- 

2.0 

Vdc 

Base-Emitter On Voltage 
(IC = 5.0 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(1C = 1.0 Adc, V C E “ 20 Vdc, f tes t = 0.5 MHz) 

*T 

1.0 

- 

MHz 

Output Capacitance 2N5632, 2N5633, 2N 5634 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6229, 2N6230, 2N6231 

c ob 

- 

300 

600 

pF 

Small Signal Current Gain 
(V C £ = 10 Vdc, l C = 2.0 Adc, f = 1.0 kHz) 

hfe 

15 

- 

- 


indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Widths 300 (jls, Duty Cycle< 2.0%. 
^ = I ^fel • ftest 


FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 


vcc 

+30 V 




RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE Ib ~100 mA 
MSD6100 USED BELOW Ig ==100 mA 

For PNP test, reverse all polarities and DI. 
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2N5632, 2N5633, 2N5634 NPN 
2N6229, 2N6230, 2N6231 PNP 


NPN 

2N5632, 2 N 56 33, 2N5634 


PNP 

2N6229, 2N6230, 2N6231 



IC, COLLECTOR CURRENT (AMP). 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



it 1 1 1 1 1 . 1 I i— x a U , I 

10 20 30 50 70 100 200 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<)^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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hpE, DC CURRENT GAIN c - CAPACITANCE (pF) 


2N5632, 2N5633, 2N5634 NPN 
2N6229, 2N6230, 2N6231 PNP 





2N5655, 2N5656, 2N5657 


(M) MOTOROLA 















Ic, COLLECTOR CURRENT (AMP) 


2N5655, 2N5656, 2N5657 


‘ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min [ Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

0c =100 mAdc (inductive), L = 50 mH) 

2N5655 

2N5656 

2N5657 

v CEO(sus) 

250 

300 

350 

- 

Vdc 

Collector-Emitter Breakdown Voltage 


bv CEO 



Vdc 

(Iq = 1.0 mAdc, l B = 0) 

2N5655 


250 

- 



2 N 5656 


300 

_ 



2N5657 


350 

- 


Collector Cutoff Current 






(V CE = 150 Vdc, l B = 0) 

2N5655 


- 

0.1 


(V CE = 200 Vdc, l B = 0) 

2N5656 


- 

0.1 


(V CE = 250 Vdc, l B = 0) 

2N5657 


- 

0.1 


Collector Cutoff Current 


*CEX 




<V CE = 250 Vdc, V EB ( 0 f f ) = 1.5 Vdc) 

2N5655 


- 

0.1 


<V CE = 300 Vdc, V EB ( off ) = 1.5 Vdc) 

2N5656 


- 

0 1 


(Vce = 350 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5657 


- 

0 1 


(V CE = 150 Vdc, V EB ( off ) = 1.5 Vdc, T C = 100°C) 

2N5655 


- 

1.0 


(V CE = 200 Vdc, V EB ( off ) = 1.5 Vdc, T c = 100°C) 

2N5656 


- 

1.0 


(V CE = 250 Vdc, V EB ( off) = 1.5 Vdc, T c = 100°C) 

2N5657 


- 

1.0 


Collector Cutoff Current 


'CBO 



MAdc 

(V CB = 275 Vdc, l E = 0) 

2N5655 


- 

10 


(V CB = 325 Vdc, l E = 0) 

2N5656 


- 

10 


(V CB = 375 Vdc, l E = 0) 

2N5657 


- 

10 


Emitter Cutoff Current 


'EBO 


10 

MAdc 

(V EB = 6.0 Vdc, Iq = 0) 







ON CHARACTERISTICS 


DC Current Gain ( 1) 

(Iq = 50 mAdc, V CE = 10 Vdc) 

(Iq = 100 mAdc, V CE = 10 Vdc) 

(Iq = 250 mAdc, V CE = 10 Vdc) 

(Iq = 500 mAdc, Vq E = 10 Vdc) 

h FE 

25 

30 

15 

5.0 

250 


Collector-Emitter Saturation Voltage U) 

v CE(sat) 



Vdc 

(Iq = 100 mAdc, l B = 10 mAdc) 


- 

1.0 


(Iq = 250 mAdc, l B = 25 mAdc) 


- 

2.5 


(Iq = 500 mAdc, l B = 100 mAdc) 


- 

10 


Base-Emitter Voltage (1) 

V BE 

- 

1 0 

Vdc 

(Iq = 100 mAdc, V CE = 10 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(Iq = 50 mAdc, V CE = 10 Vdc, f = 10 MHz) 

fT 

10 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

25 

pF 

Small-Signal Current Gam 

(l C = 100 mAdc, V CE = 10 Vdc, f * 1.0 kHz) 

h fe 

20 

- 

- 


* Indicates JEDEC Registered Data for 2N5655 Series 

( 1 ) Pulse Test. Pulse Width < 300 /is, Duty Cycle'S 2 0 %. 

(2) f-p is defined as the frequency at which |hf e | extrapolates to unity 



20 30 40 60 100 200 300 400 600 


VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vq E limits of the transistor 
that must be observed for refiableoperation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj( p |<) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p | c )^150°C. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by second 
breakdown. 
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l ' TIME to v, VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 


2N5655, 2N5656, 2N5657 


FIGURE 4 - CURRENT GAIN 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 

1C, COLLECTOR CURRENT (mA) 



10 20 30 50 100 200 300 500 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


1C. COLLECTOR CURRENT (mA) 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 7 - TURN-ON TIME 




1.0 2.0 5.0 10 20 50 100 200 500 


1C, COLLECTOR CURRENT (mA) 
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MOTOROLA 


2N5683, 2N5684 PNP 
2N5685, 2N5686 NPN 


HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 


. . . designed for use in high-power amplifier and switching circuit 
applications. 

• High Current Capability — I q Continuous = 50 Amperes. 

• DC Current Gain — 

hFE = 15-60 @ Iq = 25 Adc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 10 Vdc (Max) @ lc = 25 Adc 


# MAXIMUM RATINGS 


Rating 

Symbol 

2N5683 

2N5685 

2N5684 

2N5686 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

*C 

50 

Adc 

Base Current 

I'B 

15 

Adc 

Total Device Dissipation @ Tq = 25°C 

PD 

300 

Watts 

Derate above 25°C 


1.715 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-65 to +200 

°C 


"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

0.584 

°C/W 


Indicates JEDEC Registered Data. 



50 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
300 WATTS 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIIV 

ETERS 

INCHES ! 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 197-01 

TO-3 Except Pin Diameter 
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2N5683, 2N5684 PNP, 2N5685, 2N5686 NPN 


‘ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

j Characteristic J Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Note 1) 

(Iq ® 0.2 Adc, l B = 0) 

2N5683, 2N5685 
2N5684, 2N5686 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C e = 30 Vdc, l B = 0) 

2N5683, 2N5685 


- 

1.0 


(Vc£ = 40 Vdc, l B = 0) 

2N5684, 2 N 5686 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(V CE = 60 Vdc, V E8 ( off ) = 1.5 Vdc) 

2N5683, 2N5685 


- 

2.0 


(V CE = 80 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5684, 2N5686 


- 

2.0 


(V CE = 60 Vdc, V EB ( of f) = 1.5 Vdc, T c = 150°C) 

2N 5683, 2N 5685 


- 

10 


(V CE = 80 Vdc, V EB(of f) = 1.5 Vdc, T c = 150°C) 

2N5684, 2N5686 


- 

10 


Collector Cutoff Current 


'CBO 



mAdc 

(V C B = 60 Vdc, l E = 0) 

2N 5683, 2N 5685 


- 

2.0 


( Vq B = 80 Vdc, l E = 0) 

2N 5684, 2N 5686 


- 

2.0 


Emitter Cutoff Current 


•ebo 

- 

5.0 

mAdc 

(V be = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (Note 1) 

h FE 



_ 

OC = 25 Adc, V C E = 2.0 Vdc) 

15 

60 


(1C = 50 Adc, Vqe = 5.0 Vdc) 


5.0 

- 


Collector-Emitter Saturation Voltage (Note 1) 

v CE(sat) 



Vdc 

(IC = 25 Adc, l B = 2.5 Adc) 


- 

1.0 


(Iq = 50 Adc, l B = 10 Adc) 


- 

5.0 


Base-Emitter Saturation Voltage (Note 1) 

v BE(sat) 

- 

2.0 

Vdc 

(l C = 25 Adc, I b = 2.5 Adc) 




Base-Emitter On Voltage (Note 1) 

v BE(on) 

- 

2.0 

Vdc 

(lC = 25 Adc, V CE = 2.0 Vdc) 





DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
dC = 5.0 Adc, Vqe = 10 Vdc, f = 1.0 MHz) 

It 

2.0 

- 

B 

Output Capacitance 2N5683, 2N5684 

(V C b = 10 Vdc, l E = 0, f = 0.1 MHz) 2N5685, 2N5686 

C Q b 

- 

2000 

1200 

pF 

Small-Signal Current Gain 
(lC = 10 Adc, V CE = 5.0 Vdc, f - 1.0 kHz) 

hfe 

15 

- 



Indicates JE DEC Registered Data 
Note 1 : Pulse Test: Pulse Width <, 300 ps, Duty Cycles 2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



FOR CURVES OF FIGURES 3 & 6, Rb & Rl ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN CIRCUITS, REVERSE ALL POLARITIES. 


FIGURE 3 - TURN-ON TIME 
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2N5683, 2N5684 PIMP, 2IM5685, 2N5686 NPN 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic — Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p| < ) ^200°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



’■ e - 1— JL. i-JL U ii ii I J 1 1 ■ . -J U J 

0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


1C, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 
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V, VOLTAGE (VOLTS) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 









( M ) motorola 


2N5758. 2N5759. 2N5760 npn 
2N6226. 2N6227. 2N6228 ™p 


HIGH-VOLTAGE HIGH-POWER 
SILICON TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 100 Vdc (Min) - 2N5758, 2N6226 
= 120 Vdc (Min) - 2N5759, 2N6227 
= 140 Vdc (Min) - 2N5760, 2N6228 

• DC Current Gain @ \q = 3.0 Adc — 

hFE = 25 (Min) - 2N5758, 2N6226 
= 20 (Min) - 2N5759, 2N6227 
= 15 (Min) - 2N5760, 2N6228 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1 -0 Vdc (Max) @ Iq = 3.0 Adc 


^MAXIMUM RATINGS 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

fljc 

1.17 

°C/W 


* I ndicates JEDEC Registered Data 





1.3 
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2N5758, 2N5759, 2N5760 NPN 
2N6226, 2N6227, 2N6228 PNP 


♦ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

J™ Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 200 mAdc, l B = 0) 

2N5758, 2N6226 
2N5759, 2N6227 
2N5760, 2N6228 

v CEO(sus) 

100 

120 

140 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(Vce = 50 Vdc, lg = 0) 

2N5758, 2N6226 


- 

1.0 


( Vce = 60 Vdc, lg = 0) 

2N5759, 2N6227 


- 

1.0 


(V C E = 70 Vdc, 'b = 0) 

2N5760, 2N6228 


- 

1.0 


Collector Cutoff Current 


<CEX 



mAdc 

(Vce = Rated Vce- V BE ( 0 ff) = 1.5 Vdc) 



- 

1.0 


(Vce = Rated Vcb< v BE(off) = 15 Vdc, T C = 

150°C) 



5.0 


Collector Cutoff Current 


'CBO 



mAdc 

(Vcb = Rated VcB/ ^E = 0) 




1.0 


Emitter Cutoff Current 


<EBO 



mAdc 

( V BE = 7.0 Vdc, l C = 0) 


i 

- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 3.0 Adc, V C E = 2.0 Vdc) 

(l C = 6.0 Adc, V C E = 2.0 Vdc) 

2N5758, 2N6226 
2N5759, 2N6227 
2N5760, 2N6228 
All Types 

hFE 

25 

20 

15 

5.0 

100 

80 

60 

_ 

Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(l c = 3.0 Adc, lg = 0.3 Adc) 



- 

1.0 


(l C = 6.0 Adc, lg = 12 Adc) 



- 

2.0 


Base-Emitter On Voltage 


V BE (on) 



Vdc 

(l c = 3.0 Adc, V C E = 2.0 Vdc) 



1 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

(l C = 0.5 Adc, V C E = 20 Vdc, f test = 0.5 MHz) 

fT 

1.0 

_ 

MHz 

Output Capacitance 

(v C b = io vdc, i E = o, f = o.i mhz) 

Cob 

_ 

300 

pF 

Small-Signal Current Gain 

(l c = 2.0 Adc, V CE = 10 Vdc, f = 1.0 kHz) 

hfe 

15 

I J 

~ 


* Indicates JEDEC Registered Data 

( 1 ) Pulse Test Pulse Width ^ 300 j us. Duty Cycle ^2 0% 

(2) f T = |h fe |*f test 


FIGURE 2 - SWITCHING TIME TEST 
CIRCUIT 



t r ,tfsl10ns 
DUTY CYCLE = 1 0% 


VCC 
+30 V 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


0] MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib ~100 mA 
MSD6100 USED BELOW Ib =100 mA 

For PNP test circuit, reverse all polarities and D1 . 
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2N5758, 2N5759, 2N5760 NPN 
2N6226, 2N6227, 2N6228 PNP 


NPN 

2N5758, 2N5759, 2N5760 


PNP 

2N6226, 2N6227, 2N6228 


FIGURE 3 - TURN-ON TIME 



0 06 0 1 0 2 0 4 0 6 1.0 2 0 4.0 6 0 


1C. COLLECTOR CURRENT (AMP) 



FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



50 70 100 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j(p|<) = 200; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k)^ 200°C. Tj(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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hFE, DC CURRENT GAIN C, CAPACITANCE (pF) 


2N5758, 2N5759, 2N5760 NPN 
2N6226, 2N6227, 2N6228 PNP 


NPN 

2N5758, 2N5759, 2N5760 


PNP 

2N6226, 2N6227, 2N6228 


FIGURE 6 - TURN-OFF TIME 




0.06 0 1 0.2 0.4 0 6 1.0 2.0 4.0 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 



Vr, REVERSE VOLTAGE (VOLTS) 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 8 - DC CURRENT GAIN 
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1C. COLLECTOR CURRENT (AMP) 





MOTOROLA 


2N5838 

2N5839 

2N5840 


HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 

. . . designed for high voltage inverters, switching regulators, and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 250 Vdc (Min) - 
= 275 Vdc (Min) — 

= 350 Vdc (Min) - 

• Excellent DC Current Gain — 

hpE = 10-50 @ l C = 2.0 Adc - 2N5839, 2N5840 
= 8-40 @ I C = 3.0 Adc - 2N5838 


3 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

250-350 VOLTS 
100 WATTS 



^MAXIMUM RATINGS 

Rating 

Symbol 

2N5838 

2N5839 

2N5840 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

250 

275 

350 

Vdc 

Collector-Emitter Voltage 
(R be = 50 n) 

V CER 

275 

300 

375 

Vdc 

Collector-Emitter Voltage 

V CEV 

275 

300 

375 

Vdc 

Collector-Base Voltage 

V CB 

275 

300 

375 

Vdc 

Emitter-Base Voltage 

V EB 

6 

Vdc 

Collector Current — Continuous 

Peak 

>C 

3 

5 

Adc 

Base Current 

•b 

1.5 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

p D 

100 

0.56 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J/ T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

,. Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.75 

°C/W 

^Indicates JEDEC Registered Data. 





jL 

_J L_ 

1 

1 







STYLE 1 

PIN 1 BASE 
2. EMITTER 
CASE COLLECTOR 


2. GUI is seating plane and datum. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q. 

1 » 1 1.13(0.005)© 1 T 1 V0~1 

FOR LEADS: 

| V | |.13 (0.005) ©T | V® 1 Q©1 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 



39.37 

- 

1 550 

B 

_ 

21.08 

- 

0 830 


6.35 

7.62 

0.250 

0.300 

“D^ 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.1 

BSC 

1.18 

7 BSC 

G 

10.92 BSC 

0.43 

BSC 

H 

5.46 BSC 

0.21 

5 BSC 

J 

16.8 

BSC 

0.66! 

5 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0 190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 
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2N5838, 2N5839, 2N5840 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

1 Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = 200 mA, l B = 0) 

2N5838 

2N5839 

2N5840 

VcEO(sus) 

250 

275 

350 

— 

Vdc 

Collector-Emitter Sustaining Voltage 

2N5838 

VcEX(sus) 

275 

- 

Vdc 

(l c = 100 mA, V BE ( off ) = 1 .5 V, L * 10 mH) 

2N5839 


300 

- 



2N5840 


375 

- 


Collector-Emitter Sustaining Voltage 

2N5838 

v CER(sus) 

275 

- 

Vdc 

(1(2 = 200 mAdc, R bE = 50 Ohms) 

2N5839 


300 

- 



2N5840 


375 

- 


Emitter-Base Breakdown Voltage 


v EBO 

6 

- 

Vdc 

(l E = 20 mAdc, IQ = 0) 






Emitter Cutoff Current 


•ebo 

- 

i 

mAdc 

(V CE = 6 Vdc, l c = 0) 






Collector Cutoff Current 


*CEO 



mAdc 

(V C E = 200 Vdc, l B = 0) 

2N5838 


- 

2 


(V CE = 250 Vdc, l B = 0) 

2N5839 


- 

2 


(V C e = 250 Vdc, l B = 0) 

2 N 5840 


- 

2 


Collector Cutoff Current 


•CEV 



mAdc 

< V CEV = 265 Vdc, v BE(off) = 1 -5 Vdc) 

2N5838 


- 

5 


< V CEV = 290 Vdc, V BE ( 0 ff) = 1 .5 Vdc) 

2 N 5839 


- 

2 


IVqEV = 360 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2 N 5840 


- 

2 


Collector Cutoff Current 


>CEV 



mAdc 

(V C EV = 265 Vdc, V BE ( 0 ff) = 1 .5 Vdc, T c = 1 00°C) 

2N5838 


- 

8 


(V C EV = 29 0 Vdc, V BE ( off ) = 1 .5 Vdc, T c = 100°C) 

2N5839 


- 

5 


(V C EV = 360 Vdc, V BE ( off ) = 1 .5 Vdc, T c = 100°C) 

2N 5840 


! 

5 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 0.5 Adc, V C E = 5 Vdc) 

(l c = 2 Adc, V CE = 3 Vdc) 

(l c = 3 Adc, V CE = 2 Vdc) 

ALL TYPES 
2N5839, 40 
2N5838 

IT 

"n 

m 

20 

10 

8 

50 

40 


Collector-Emitter Saturation Voltage 


VcE(sat) 



Vdc 

(l c = 3 Adc, l B = 0.375 Adc) 

2N5838 


- 

1.0 


(1C = 2 Adc, l B = 0.2 Adc) 

2N5839 


- 

1.5 


(l c = 2 Adc, l B = 0.2 Adc) 

2N5840 


- 

1.5 


Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

(1C = 3 Adc, l B = 0.375 Adc) 

2N5838 


- 

2 


(l c = 2 Adc, l B = 0.2 Adc) 

2N5839 


- 

2 


(I C = 2 Adc, l B = 0.2 Adc) 

2N5840 


- 

2 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 200 mAdc, V CE = 10 Vdc, f test = 1 Mhz) 

1 hfe | 

5 

_ 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f tes t = 1 MHz) 

Cob 

— 

150 

PF 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 
t = 1 .0 s (non-repetitive) (Vqe = 40 Vdc) 

*S/b 

2.5 

- 

Adc 

Second Breakdown Energy with Base Reverse Biased 
(l c = 3.0, V BE ( off ) = 4.0 Vdc, L * 100 mH) 

E S/b 

0.45 

— 

mJ 


SWITCHING CHARACTERISTICS, MAXIMUM LIMITS 


Resistive Load j 

Symbol 

2N5838(2) 

2N5839 

2N5840 

Unit 

Rise Time 

(V C c = 200 Vdc, l C = 2 Adc, 

1 b 1 = • B2 = 0-2 Adc, 

tp = 100 ms, Duty Cycle < 2%) 

tr 

1.5 

1.5 

1 .75 

MS 

Storage Time 

ts 

3.0 

3.75 

3.0 

MS 

Fall Time 

tf 

1.5 

1.5 

1.5 

MS 


(1 ) Pulse Test: Pulse Width = 100 ms, Duty Cycle = 2%. 

(2) For 2N5838, lc = 3 Adc, I B1 = l B2 = 0.375 Adc 
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2N5838, 2N5839, 2N5840 


FIGURE 1 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 2 - SAFE OPERATING AREA 




probe P6019 or equivalent. 


There are two limitations on the power handling 
ability of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
Iq-Vce operation; i.e., the transistor must not be sub- 
jected to greater dissipation than the curves indicate. 

The data of Figure 2 is based on Tq = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 

do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 2 may be found 
at any case temperature by using the appropriate curve 
on Figure 4. 

Tj(pk) may be calculated from the data in Figure 1. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



o 40 80 120 160 200 


TC, CASE TEMPERATURE (°C) 
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2N5875, 2N5876 PNP 

2N5877, 2N5878 NPN (^) motorola 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching appli- 
cations. 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 1 -0 Vdc (Max) @ Iq = 5.0 Adc 

• Low Leakage Current — 

ICEX = 0.5 mAdc (Max) @ Rated Voltage 

• Excellent DC Current Gain — 

hpE = 20 (Min) @ lc = 4.0 Adc 

• High Current Gain — Bandwidth Product — 

f T = 4.0 MHz (Min) @I C = 0.5A 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 


60-80 VOLTS 
150 WATTS 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N5875 

2N5877 

2N5876 

2N5878 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Co Hector- Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V E B 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

>c 

10 

20 

Adc 

Base Current 

*B 

4.0 

Adc 

T otal Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

150 

0.857 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J> T stg 

-65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.17 

°C/W 



A . 

! 

— J 

B H 

L_ 

1 



STYLE 1 : 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



CASE 11-01 
TO -3 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE: 

1. DIM "Q" IS DIA. Collector connected to case. 


1 - 19.6 







2N5875, 2N5876 PNP, 2N5877, 2N5878 NPN 


*ELECTRICAL CHARACTERISTICS (T p = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 2O0mAdc, l B = 0) 

2N5875, 2N5877 

2N5876, 2N5878 

v CEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) 

2N5875, 2N5877 


- 

1.0 


(V CE = 40 Vdc. I B = O) 

2N5876, 2N5878 


- 

1.0 


Collector Cutoff Current 


*CEX 



mAdc 

< V CE = 60 Vdc, v BE(off) = 1-5 Vdc) 

2N5875, 2N5877 


- 

0.5 


(V CE = 80 Vdc, V BE ( off) = 1.5 Vdc) 

2N5876, 2N5878 


- 

0.5 


(V CE = 60 Vdc, V BE(off) = 1.5 Vdc, T C = 

150°C) 2N5875, 2N5877 


- 

5.0 


(V CE = 80 Vdc, V BE ( of f) = 1.5 Vdc, T c = 

150°C) 2N5876, 2N5878 


- 

5.0 


Collector Cutoff Current 


'CBO 



mAdc 

(V CB = 60 Vdc, l E = 0) 

2N5875, 2N5877 


- 

0.5 


(V cb = 80 Vdc, l E = 0) 

2N5876, 2N5878 


- 

0.5 


Emitter Cutoff Current 


'EBO 

_ 

1.0 

mAdc 

(V EB = 5.0 Vdc, l E = 0) 







ON CHARACTERISTICS 


DC Current Gam (1) 

(l c = 1.0 Adc, V CE = 4.0 Vdc) 

(l C = 4.0 Adc, V CE = 4.0 Vdc) 

(1C = 10 Adc, V CE = 4.0 Vdc) 

h FE 

35 

20 

4.0 

100 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l c = 5.0 Adc, l B = 0.5 Adc) 


- 

1.0 


(IC= 10 Adc, l B = 2.5 Adc) 


- 

3.0 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 

- 

2.5 

Vdc 

(IC= 10 Adc, l B = 2.5 Adc) 





Base-Emitter On Voltage (1) 

v BE(on) 

- 

1.5 

Vdc 

(1C =4.0 Adc. V CE = 4.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 0.5 Adc, V CE = 10 Vdc, f test = 1.0 MHz) 

h 

4.0 

~ 

MHz 

Output Capacitance 

Cob 

- 


pF 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 2N5875, 2N5876 


- 

500 


2N5877. 2N5878 


- 

300 


Small-Signal Current Gain 

hfe 

20 

- 

- 

(l c = 1.0 Adc, V CE = 4.0 Vdc. f = 1.0 kHz) 






SWITCHING CHARACTERISTICS 


Rise Time 

(V C C = 30 Vdc * 'C = 4.0 Adc, 1 B1 = 1 B2 = 0 4 Adc * 

t r 

- 

0.7 

MS 

Storage Time 

t S 

- 

1.0 

MS 

Fall Time 

See Figure 2) 

tf 

- 

0.8 

MS 


•Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width <; 300 Ms, Duty Cycle<2.0%. 

(2) f-r = |h fe |*f tes t 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 

-30 V 



t r , tf <10 ns 
DUTY CYCLE = 1.0% 



FOR CURVES OF FIGURES 3and 6, 
RB and Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 


For NPN test circuit, Dl MUST BE FAST RECOVERY TYPE, e.g. 

reverse all polarities. MBD5300 USED ABOVE Ib^IOO mA 

MSD6100 USED BELOW Ib ~100 mA 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMPERES) 
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2N5879, 2N5880, PNP 
2N5881, 2N5882 NPN 



MOTOROLA 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 60 Vdc (Min) - 2N5879, 2N5881 
= 80 Vdc (Min) - 2N5880, 2N5882 

• DC Current Gain — 

hpE = 20 (Min) @ Iq = 6.0 Adc 

• Low Collector — Emitter Saturation Voltage — 

VcE(sat) = 1 0 Vdc (Max) @ Iq = 7.0 Adc 

• High Current — Gain-Bandwidth Product — 

fj = 4.0 MHz (Min) @ l C = 1.0 Adc 

• Recommended for New Circuit Designs 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5879 

2N5881 

2N5880 

2N5882 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

15 

30 

Adc 

Base Current 

*B 

5.0 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

160 

0.915 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J« T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.1 

°C/W 


•Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
160 WATTS 




I LC I . 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


'-G 


CASE 11-01 
TO-3 


NOTE: 

1. DIM "Q" IS 0IA. Collector connected to case. 


DIM 

MILLIMETERS 

INCHES 

MUM 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 ! 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 ~ 

4.09 

0.151 

0.161 

R 


26.67 

- 

1.050 
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2N5879, 2N5880 PNP, 2N5881, 2N5882 NPN 


•ELECTRICAL CHARACTERISTICS {T C = 25°C unless otherwise noted) 

Characteristic j Symbol | Min j Max ( Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC = 200 mAdc, 1 B = O) 

2N5879, 2N5881 
2N5880, 2N5882 

v CEO(sus) 

60 

80 

- 

Vdc 

, Collector Cutoff Current 


‘CEO 



mAdc 

(V C E - 30 Vdc, l B = 0) 

2N5879, 2N5881 


- 

1.0 


(V C E = 40Vdc, l B = 0) 

2N5880, 2N5882 


- 

1.0 


Collector Cutoff Current 


‘CEX 



mAdc 

(VcE “ 60 Vdc, V BB ( 0 ff) = 1.5 Vdc) 

2N5879, 2N5881 


- 

0.5 


(Vqe = 80 Vdc, V BB ( of f) = 1.5 Vdc) 

2N5880, 2N5882 


- 

0.5 


(V C £ “ 60 Vdc, V BE(off) = 1.5 Vdc, T c = 150°C) 

2N5879, 2N5881 


- 

5.0 


(V C E = 80 Vdc, V BE(off) = 1.5 Vdc, T c = 150°C) 

2 N 5880, 2N5882 


- 

5.0 


Collector Cutoff Current 


*CBO 



mAdc 

(Vcb = 60 Vdc, l E = 0) 

2N5879, 2N5881 


- 

0.5 


(V CB = 80 Vdc, l E = 0) 

2N5880, 2 N 5882 


- 

0.5 


Emitter Cutoff Current 


'EBO 

- 

1.0 

mAdc 

(V EB = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

hFE 



_ 

(1C = 2.0 Adc, Vqe = 4.0 Vdc) 


35 

- 


(Iq = 6.0 Adc, V C E = 4.0 Vdc) 


20 

100 


(IC= 15 Adc, V CE = 4.0 Vdc) 


4.0 

- 


Collector-Emitter Saturation Voltage (1) 

VcE(sat) 



Vdc 

(1C = 7.0 Adc, l B = 0.7 Adc) 

- 

1.0 


(IC= 15 Adc, l B = 3.75 Adc) 


- 

4.0 


Base-Emitter Saturation Voltage ( 1 ) 

VBE(sat) 

- 

2.5 

Vdc 

(10= 15 Adc, l B = 3.75 Adc) 




Base-Emitter On Voltage (1) 

v BE(on) 

_ 

1.5 

Vdc 

(lc = 6.0 Adc, Vce - 4.0 Vdc) 





DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l C = 1-0 Adc, V CE = 10 Vdc, f test = 1.0 MHz) 

fT 

4.0 

- 

MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 100 kHz) 2N5879, 2N5880 

2N5881, 2N5882 

c ob 

- 

600 

400 

pF 

Small-Signal Current Gain 
dc = 2.0 Adc, Vce = 4.0 Vdc, f = 1.0 kHz) 

hfe 

20 


- 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vce = 30 Vdc, l c = 6.0 Adc, 

l r 

- 

0.7 

MS 

Storage Time 

ts 

- 

1.0 

MS 

*B1 ~ ‘ B2 = 0.6 Adc See Figure 2) 

Fall Time 

tf 

- 

0.8 

MS 


‘Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width< 300 ms, Duty Cycle<2.0% 

(2) f T = |h fe | • f test 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



t r , tfilO ns' 
DUTY CYCLE = 1.0% 


For NPN test circuit, 
reverse all polarities. 


VCC 
-30 V 



F0 R CURVES OF FIGURES 3 and 6, 

RB and R C ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELS 
0i MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ABOVE Ib ~ 100 mA 
MSD6100 USED BELOW l B ^100 mA 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

1C, COLLECTOR CURRENT (AMP) 
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2N5879, 2N5880 PNP, 2N588V2N5882 NPN 


FIGURE 4 - THERMAL RESPONSE 



t. TIME (ms) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



I I I i I I I I I I 1 I i i i I 11 1 111 

1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate l£ — Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based onTj( p | c ) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj( p | < ) <200°C. Tj( p |<) 
may be calculated from the data in Figure 4. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 



1C, COLLECTOR CURRENT (AMP) 



0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 10 


Vr, REVERSE VOLTAGE (VOLTS) 














(&> 


MOTOROLA 


2N5883, 2N5884 PNP 
2N5885, 2N5886 NPN 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = TO Vdc, (max) at Iq = 15 Adc 

• Low Leakage Current 

ICEX~ TO mAdc (max) at Rated Voltage 

• Excellent DC Current Gain — 

hpE = 20 (min) at Iq = 10 Adc 

• High Current Gain Bandwidth Product — 

fj = 4.0 MHz (min) at lc = 1.0 Adc 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N5883 

2N5885 

2N5884 

2N5886 

Unit 

Collector-Emitter Voltage 

VCEO 

60 

80 

Vdc 

Col lector- Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

25 

Adc 

Peak 


50 


Base Current 

*B 

7.5 

Adc 

Total Device Dissipation @Tq = 25°C 

PD 

200 

Watts 

Derate above 25°C 


1.15 

W/°C 

Operating and Storage Junction 

T jTstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

. . 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

°C/W 


•Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 



25 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80 VOLTS 
200 WATTS 




A 





JL 

1 

Qx 

r 

i 


f 

Id— 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



— 

DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 


3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


NOTE: Collector connected to case. 

1. DIM "Q"ISDIA. CASE 11-01 
TO-3 


1.3 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 

•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic j Symbol | Min | Max j Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

0c = 200 mAdc, 1 B = 0) 

2N5883, 2N5885 
2N5884, 2N5886 

v CEO(sus) 

60 

80 

~ 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) 

2N5883, 2N5885 


- 

2.0 


(V C e = 40 Vdc. I B = 0) 

2N5884, 2 N 5886 


- 

2.0 


Collector Cutoff Current 


'CEX 



mAdc 

(V C E = 60 Vdc, V BE (off ) = 1.5 Vdc) 

2N5883, 2N5885 


- 

1.0 


(V CE = 80 Vdc, V BE ( off ) = 1.5 Vdc) 

2N5884, 2N5886 


- 

1.0 


<V CE = 60 Vdc, V BE (off) = 1.5 Vdc, T c = 150°C) 

2N5883, 2N5885 


- 

10 


(V CE = 80 Vdc, V BE (off) = 1.5 Vdc, T c = 150°C) 

2N5884, 2 N 5886 


- 

10 


Collector Cutoff Current 






(V C B = 60 Vdc, l E = 0) 

2N5883, 2N5885 


- 



(V CB = 80 Vdc, l E = 0) 

2N5884, 2N5886 




1 

Emitter Cutoff Current 


•ebo 


1.0 


(V EB = 5.0 Vdc, l C = 0 





HH 


ON CHARACTERISTICS 


DC Current Gain (1) 

(lC = 3.0 Adc, V CE = 4.0 Vdc) 

(l C = 10 Adc, V C E = 4.0 Vdc) 

(l c = 25 Adc, V CE = 4.0 Vdc) 




B| 

Collector-Emitter Saturation Voltage (1) 

VCE(sat) 



■ 

(l C = 15 Adc, l B = 1.5 Adc) 

■ ■ 

- 


■ 

(l c = 25 Adc, l B = 6.25 Adc) 


- 


■ 1 

Base-Emitter Saturation Voltage (1) 

v BE(sat) 

- 

2.5 


(l C = 25 Adc, l B = 6.25 Adc) 




BM 

Base-Emitter On Voltage (1) 

v BE(on) 

- 



(l c = 10 Adc, V CE = 4.0 Vdc) 




■ 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(l c = 1.0 Adc, V CE = 10 Vdc, f test = 1.0 MHz) 

*T 

4.0 


■■ 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 2N5883, 2N5884 

2N5885, 2N5886 

6-ob 


1000 

500 

pF 

Small-Signal Current Gain 
(l c = 3.0 Adc, V CE = 4.0 Vdc, f test = 1.0 kHz) 

h fe 

20 




SWITCHING CHARACTERISTICS 


Rise Time 

(V CC = 30 Vdc, l c = 10 Adc, 

*B1 = *B2 = "1 0 Adc) 

tr 


0 7 

MS 

Storage Time 

*s 

- 

1.0 

MS 

Fall Time 

tf 

i 

0.8 

MS 


* Indicates JEDEC Registered Data. 

(1) Pulse Test- Pulse Width < 300 ns. Duty Cycle< 2.0%. (2) t T = |h fe | • f test . 


FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUITS 





0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

1C, COLLECTOR CURRENT (AMPERES) 


FOR CURVES OF FIGURES 3 & 6, Rb & Rl ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN, REVERSE ALL POLARITIES 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) < 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


V'CE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 



III. — i — l i J, i l i L— — i j 1 i . 1 II. L-l i i V, J 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 


1C, COLLECTOR CURRENT (AMPERES) 


FIGURE 7 - CAPACITANCE 
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2N5883, 2N5884 PNP, 2N5885, 2N5886 NPN 


PNP DEVICES 
2N5883 and 2N5884 


FIGURE 8 - DC CURRENT GAIN 


NPN DEVICES 
2N5885 and 2N5886 









2N5 974 , 2N5975, 2N5976 



MOTOROLA 


PNP SILICON PLASTIC POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 


DC Current Gain Specified to 5 Amperes 
hpE = 20-120 @ l c = 2.5 Adc 
= 7.0 (Min) @ |0 = 5.0 Adc 
Collector-Emitter Sustaining Voltage — 
v CEO(sus) = 40 Vdc (Min) - 2N5974 
= 60 Vdc (Min) - 2N5975 
= 80 Vdc (Min) - 2N5976 
High Current Gain — Bandwidth Product — 
fj = 2.0 MHz (Min) @ l C = 500 mAdc 
Complements to NPN T ransistors 2N5977, 2N5978, 2N5979 


^MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Base Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Operating and Storage Junction] 
Temperature Range 


v CEO 


V CB 


V EB 


PD 


T J< T stg 


- 5.0 - 
10 - 


-75 - 
0.60 - 


Adc 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.67 

°C/W 


•Indicates JEDEC Registered Data for 2N5974 Series. 



5 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

40-60-80 VOLTS 
75 WATTS 
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31 


STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 




NOTES: 

1. DIM "D" UNCONTROLLED IN ZONE "H" 

2. DIM "F" DIATHRU 

3. HEAT SINK CONTACT AREA (BOTTOM) 

4. LEADS WITHIN 0.005" RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.16 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 


0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

KB 

9° TYP 

9° TYP 

KB 

mg 


0.185 

0.195 




0.075 

0.085 

KB 

MSM 


0.245 

0.255 

KB 

fciijci 

mm 

0.080 

- 


CASE 90-05 
TO-127 
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2N5974, 2N5975, 2N5976 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 



Collector-Emitter Sustaining Voltage (1) 

Oc = 100 mAdc, l B = 0) 

2N5974 

2N5975 

2N5976 

v CEO(sus) 

Collector Cutoff Current 



>CEO 

(V C E = 20 Vdc, l B = 0) 


2N5974 


<V CE = 30 Vdc, l B = 0) 


2N5975 


(V CE = 40 Vdc, l B = 0) 


2N5976 


Collector Cutoff Current 



*CEX 

< V CE = 60 Vdc, v EB(off) = 

1.5 Vdc) 

2N5974 


< V CE = 80 Vdc, V EB ( 0 ff) = 

1 .5 Vdc) 

2N5975 


(V CE = 100 Vdc, V EB(of f) 

= 1.5 Vdc) 

2N5976 


(V CE = 40 Vdc, V E B (o ff) = 

1.5 Vdc, 

2N5974 


T c = 125°C) 




(Vce = 60 Vdc, V EB ( 0 ff) = 

1.5 Vdc, 

2N5975 


T C = 125°C) 




(V C E = 80 Vdc, V EB(off) = 

1.5 Vdc, 

2N5976 


T C = 125°C) 




Emitter Cutoff Current 



'EBO 

(V BE = 5.0 Vdc, l C = 0) 





ON CHARACTERISTICS 



DC Current Gain 

OC = 0.5 Adc, V C e = 2.0 Vdc) 

OC = 2.5 Adc, V CE = 2.0 Vdc) 

0 C = 5.0 Adc, V CE = 2.0 Vdc) 

h FE 

Collector-Emitter Saturation Voltage 
(l C = 2.5 Adc, l B = 250 mAdc) 

Oc = 5.0 Adc, l B = 750 mAdc) 

v CE(sat) 

Base-Emitter Saturation Voltage 
(l c = 5.0 Adc, l B = 750 mAdc) 

v BE(sat) 

Base-Emitter On Voltage 

0 C = 2.5 Adc, V C e = 2.0 Vdc) 

v BE(on) 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 
Oc = 0.5 Adc, Vqe = 4.0 Vdc, f = 1.0 kHz) 




Current-Gain - Bandwidth Product (2) 

Oc = 500 mAdc, V C £ = 10 Vdc. f tes t = 1.0 MHz) 

*T 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

^ob 




















































2N5974, 2N5975, 2N5976 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



V C E, COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq-VcE of the transistor 

that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( pk )^: 150°C. T j( pk ) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 
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2N5977 7 2N5978, 2N5979 



MOTOROLA 


NPN SILICON PLASTIC POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 


• DC Current Gain Specified to 5 Amperes 

h F E = 20-120 @I C = 2.5 Adc 
= 7.0 (Min) @ Iq = 5.0 Adc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 40 Vdc (Min) - 2N5977 
= 60 Vdc (Min) - 2N5978 
= 80 Vdc (Min) - 2N5979 

• High Current Gain - Bandwidth Product 

fj = 2.0 MHz (Min) @ l C = 500 mAdc 

• Complement to PNP T ransistors — 

2N5974, 2N5975, 2N5976 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Base Current 


Total Power Dissipation 
@ T c = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


P D 


T J< T stg 


• 5.0 - 

• 10 • 


- 75 - 
0.60 


Adc 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

1.67 

°C/W 


•Indicates JEDEC Registered Data 


5 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

40-60-80 VOLTS 
75 WATTS 
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STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


NOTES: 

1. DIM "D" UNCONTROLLED IN ZONE "H" 

2. DIM "F" DIA THRU 

3. HEAT SINK CONTACT AREA (BOTTOM) 

4. LEADS WITHIN 0.005" RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.16 

5 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° TYP 

9° 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 

TO-127 
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2N5977, 2N5978, 2N5979 


♦ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

( Characteristic | Symbol | Min j Max j Unit | 

OFF CHARACTERISTICS — ~ ~ 


Collector-Emitter Sustaining Voltage (1) 

(1C ~ 100 mAdc, l B = 0) 

2N5977 

2N5978 

2N5979 

v CEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

<V CE = 20Vdc. I B = 0) 

2N5977 


- 

1.0 


(V CE = 30Vdc, l B = 0) 

2N5978 


_ 

1.0 


<V CE = 40Vdc, l B = 0) 

2N5979 


- 

1.0 


Collector Cutoff Current 


*CEX 




(Vq E = 60 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5977 


- 

100 

^Adc 

(Vq E = 80 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5978 


- 

100 


(Vce = 100 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N5979 


- 

100 


(Vq E = 40 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N5977 


- 

1.0 

mAdc 

T C = 125°C) 






(Vce = 60 Vdc, V EB (off) = 1.5 Vdc, 

2N5978 


_ 

1.0 


T c = 125°C) 






(V C E = 80 Vdc, V EB ( off ) = 1.5 Vdc, 

2N5979 


- 

1.0 


T c = 125°C) 






Emitter Cutoff Current 


'EBO 



mAdc 

(V BE = 5.0 Vdc. I C = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 
(l c =0.5 Adc, V C E = 2.0 Vdc) 

(IC = 2.5 Adc, V C E = 2.0 Vdc) 

(l C = 5.0 Adc, V C E = 2.0 Vdc) 

hFE 

40 

20 

7.0 

120 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(IC = 2.5 Adc, l B = 250 mAdc) 

, 

- 

0.6 


(IC = 5.0 Adc, l B = 750 mAdc) 


- 

1.7 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(IC = 5.0 Adc, l B = 750 mAdc) 


~ 

2.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 2.5 Adc, V C E = 2.0 Vdc) 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(lc = 500 mAdc, V^ E = 10 Vdc, f test = 1 .0 MHz) 

*T 

2.0 

_ 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

o° 

o- 

_ 

200 

pF 

Small-Signal Current Gain 
(IC = 0.5 Adc, V CE = 4.0 Vdc, f = 1.0 kHz) 

h fe 

20 

- 

~ 


'Indicates JEDEC Registered Data 

(1) Pulse Test: Pulse Width<-300 ms. Duty Cycle<2.0%. 


(2) f T = |h fe |.f test 


1.3 


! 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Vcc 

+30 V 


25 ms 


:n 


+11 V 
0 


t r , tf<:10 ns 
DUTY CYCLE = 1.0% 



RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ABOVE Ib ~100 mA 
MSD6100 USED BELOW Ib =100 mA 


FIGURE 3 - TURN-ON TIME 
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2N5977, 2N5978, 2N5979 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



5.0 7.0 10 20 30 50 70 100 

V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p k) - 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles tp 10% provided T j( p k) ^ 150°C. Tj( p ^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 
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MOTOROLA 


2N5986,2N5987, 2N5988 PNP 
2N5989, 2N5990,2N5991 N PN 


HIGH POWER PLASTIC 

COMPLEMENTARY SILICON POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching circuits. 

• Collector-Base Voltage - VcBO = 60 Vdc - 2N5986, 2N5989 

= 80 Vdc - 2N5987, 2N5990 
= 100 Vdc - 2N5988, 2N5991 

• Collector-Emitter Voltage - VqeO = 40 Vdc — 2N5986, 2N5989 

= 60 Vdc - 2N5987, 2N5990 
= 80 Vdc - 2N5988, 2N5991 

• DC Current Gain — 

hpE = 20-120 @ lc = 6.0 Adc 
= 7.0 (Min) @ l C = 12 Adc 

• Collector-Emitter Saturation Voltage - 

VCE(sat) = 0 7 Vdc < M ax) @ 1C = 6 0 Adc 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N5986 

2N5989 

2IM5987 

2N5990 

2N5988 

2N5991 

Unit 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

'c 

12 

20 

Adc 

Base Current 

'b 

4.0 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

p D 

100 

0.8 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.25 

°C/W 


* Indicates JEDEC Registered Data 



12 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40, 60, 80 VOLTS 
100 WATTS 




!n 


=H- 


STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


NOTES: 

1. DIM ”0" UNCONTROLLED IN ZONE "H" 

2. DIM "F" DIATHRU 

3. HEATSINK CONTACT AREA (BOTTOM) 

4. LEADS WITHIN 0.005" RAD OF TRUE 
POSITION (TP) AT MAXIMUM MATERIAL 
CONDITION. 


DIM 



MIN 

MAX 

MIN 

EXES 

n 

16.13 

16.38 


SHBI 


12.57 

12.83 

0.495 


EH 

HIKE 



liIEEE 

EH 

EIRE 

1.24 



EH 



0.138 

EKH 

EH 

4.2 

BSC 

0.161 


EH 

2.67 

2.92 

iiKME 

Ena 

EH 


0.864 

0.032 

fififcZE 

EH 

15.11 j 

16.38 

0.595 

EEH 

EH 

90 TYP 

90 

ODJH 

EH 

EMU 

MEM 


BEE 

EH 

1.91 

2.16 


U»1:UE 

EH 

mwm 

ESEB 

I« KM 



2.03 

- 


- 


CASE 90-05 
TO 127 
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2IM5986, 2N5987, 2N5988 PI\IP/ 2N5989, 2N5990, 2N5991 IMPIM 


•ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

j Characteristic | Symbol j Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 

OC = 0.2 Adc, l B = O) 

2N5986, 2N5989 
2N5987, 2 N 5990 
2N5988, 2N5991 

BVcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(V CE = 20 Vdc, l B = 0) 

2N5986, 2N5989 


- 

2.0 


(V CE = 30 Vdc, l B = 0) 

2N5987, 2N5990 


- 

2.0 


(V CE = 40 Vdc, l B = 0) 

2N5988, 2N5991 


- 

2.0 


Collector Cutoff Current 


•CEX 



pAdc 

(V C E = 60 Vdc, V BE (off) « 1.5 Vdc) 

2N5986, 2N5989 


- 

200 


(V CE = 80 Vdc, V BE (off) = 1.5 Vdc) 

2IM5987, 2N5990 


- 

200 


(V CE = 100 Vdc. V BE ( off ) = 1.5 Vdc) 

2N5988, 2IM5991 


- 

200 


(V C E = 40 Vdc, V BE ( of f) = 1.5 Vdc, T c = 125°C) 

2N5986, 2N5989 


- 

2.0 

mAdc 

(V CE = 60 Vdc, V BE ( of f) = 1.5 Vdc, T C = 125°C) 

2N5987, 2N5990 


- 

2.0 


(V CE = 80 Vdc, V BE(of f) = 1.5 Vdc, T C = 125°C) 

2N5988, 2N5991 ' 


- 

2.0 


Emitter Cutoff Current 


*EBO 



mAdc 

<V BE = 5.0 Vdc, l c = 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

|I C = 1.5 Adc, V CE = 2.0 Vdc) 

|I C = 6.0 Adc, V CE = 2.0 Vdc) 

<I C = 12 Adc, V CE = 2.0 Vdc) 

h FE 

40 

20 

7.0 

120 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 6.0 Adc, l B =0.6 Adc) 


- 

0.6 


(l C = 12 Adc, l B = 1.8 Adc) 


- 

1.7 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l c = 12 Adc, l B = 1.8 Adc) 


- 

2.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(1C = 6.0 Adc, V CE = 2.0 Vdc) 


- 

1.4 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 0.5 Adc, V CE = 10 Vdc, f test = 1.0 MHz) 

IT 

2.0 


MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f = 1 .0 MHz) 2N5986 thru 2N5988 

2N5989 thru 2N5991 

Cob 

- 

500 

300 

PF 

Small-Signal Current Gain 

(1C = 2.0 Adc, V CE = 4.0 Vdc, f = 1 .0 kHz) 

h fe 

20 

_ 

- 


* Indicates JED EC Registered Data. 
H) *T = I h fe I • f test 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TURN ON TIME 


Vcc 

+30 V 


:n 



+11 V 
0 


t r , tf 5:10 ns 
DUTY CYCLE = 1.0% 

RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ABOVE Ib =100 mA 
MSD6100 USEO BELOW Ib =100 mA 


For PNP test circuit reverse diode and voltage polarities. 
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r(t) EFFECTIVE THERMAL RESISTANCE 

t, TIME (ps) 1C, COLLECTOR CURRENT (AMP) (NORMALIZED) 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C ; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) ^150°C Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 



Vr, REVERSE VOLTAGE (VOLTS) 














2N5986, 2N5987, 2N5988 PNP/ 2N5989, 2N5990, 2N5991 NPN 


PNP 

2N5986 thru 2N5988 


NPN 

2N5989 thru 2N5991 



FIGURE 8 - DC CURRENT GAIN 

1000. -t -- 
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V B E(sat)@IC/»B=10 


IB22S 


VBE(on)@VcE = 2.0V 

\ j. [ 1 VcE(sat) 9 1 C/I 8 = )0 


IHiRggii 




VBE(sat)@IC/lB = 10 


»BE(on) @ V C E = 2.0 V j 

f t l lli 1 I 1 1 

4 -44 VcE(sat) @ IC/'B = IQ 


1C. COLLECTOR CURRENT (AMP) 


In. COLLECTOR CURRENT (AMP) 
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2N6034, 2N6035, 2N6036 PNP 
( g ) motorola 2N6037, 2N6038, 2N6039 NPN 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain — 

hf(= = 2000 (T yp) @ Iq = 2.0 Adc 

• Co I lector- Emitter Sustaining Voltage — @ 100 mAdc 

VcEO(sus) = 40 Vdc (Min) - 2N6034, 2N6037 
= 60 Vdc (Min) - 2N6035, 2N6038 
= 80 Vdc (Min) - 2N6036, 2N6039 

• Forward Biased Second Breakdown Current Capability 

IS/b = 1-5 Adc @25 Vdc 

• Monolithic Construction with Built-In Base-Emitter 

Resistors to Limit Leakage Multiplication 

• Space-Saving High Performance-to-Cost Ratio 

TO-126 Plastic Package 


* MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 


Total Power Dissipation @ T/^ = 

Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


PD 


T J' T stg 


THERMAL CHARACTERISTICS 


2N6034 

2N6037 


2N6035 

2N6038 


60 


60 

TW15Z 


2N6036 
2 N 6039 


-4.0- 

- 8 . 0 - 


-40- 

-0.32- 


— 1.5 — 
- 0 . 012 - 


Watts 

W/°C 


Watts 

W/°C 


°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.12 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

83.3 

°c/w 


•Indicates JEDEC Registered Data. 


Ta Tc 
4.0 40 


FIGURE 1 - POWER DERATING 
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T, TEMPERATURE (°C) 


DARLINGTON 
4- AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40, 60, 80 VOLTS 
40 WATTS 



■*- u 
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||T- 

1 / 

4^ 
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fe n 



L 
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E ™ ° 1 1 — T c 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


NOTE: 

1. LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA. 
TO DIM. "A" & "B" AT 
MAXIMUM MATERIAL 
CONDITION. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

c 

2.41 

2.67 

0.095 

0.105 

0 

0.51 

0.66 

0.020 

0.026 

nrl 

2.92 

3.18 

0.115 

0.125 

JLJ 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

3 TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO-126 
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2N6034, 2N6035, 2N6036 PNP 
2N6037, 2IM6038, 2N6039 NPN 


*E LECTR ICA L CHARACTER ISTI CS <Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min [ Max | Unit' 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l c = 100 mAdc, l B = O) 

2N6034, 2N6037 

2N6035, 2N6038 

2N6036, 2N6039 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector-Cutoff Current 


'CEO 



mA 

(V CE =40 Vdc, l B =0) 

2N6034, 2N6037 


- 

100 


(V CE = 60 Vdc, l B = 0) 

2N6035, 2N6038 


- 

100 


(V C E = 80Vdc, l B = 0) 

2N6036, 2N6039 


- 

100 


Collector Cutoff Current 


>CEX 



MA 

(V C E = 40 Vdc, V BE ( of f) = 1.5 Vdc) 

2N6034, 2N6037 


- 

100 


(V CE = 60 Vdc, V BE(off) = 1.5 Vdc) 

2N6035, 2N6038 


- 

100 


( Vce = 80 Vdc, VRp( n ff) = 1.5 Vdc) 

2N6036, 2N6039 


- 

100 


( V CE = 40 Vdc, V BE(off) = 1.5 Vdc 


i 




T c = 1 25°C) 

2N6034, 2N6037 


- 

500 


( V C e = 60 Vdc, V BE ( of f) = 1.5 Vdc 






T c = 1 25°C) 

2N6035, 2N6038 


- 1 

500 


( Vqe = 80 Vdc, V BE ( of f) = 1.5 Vdc 

- 


.1 



T C = 1 25°C) 

2N6036, 2N6039 



500 


Collector Cutoff Current 


*CBO 



mAdc 

(V CB = 40 Vdc, l E =0) 

2N6034, 2N6037 


_ 

0.5 


(V CB =60 Vdc, 1 e = 0> 

2N6035, 2N6038 


_ 

0.5 


( V CB =80 Vdc, l E =0) 

2N6036, 2N6039 


- 

0.5 


Emitter Cutoff Current 


'EBO 

_ 

2.0 

mAdc 

( V BE =5.0 Vdc, lc = 0) 







ON CHARACTERISTICS 


DC Current Gain 

(l C = 0.5 Adc, V C E = 3.0 Vdc) 

(l C = 2.0 Adc, V CE =3.0 Vdc) 

(l C = 4.0 Adc, V CE = 3.0 Vdc) 

h FE 

500 

750 

100 

15,000 


Co Hector -Emitter Saturation Voltage 

0c = 2.0 Adc, l B = 8.0 mAdc) 

0c = 4.0 Adc, l B = 40 mAdc) 

v CE(sat) 

- 

2.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 4.0 Adc, l B = 40 mAdc) 

v BE(sat) 

- 

4.0 

Vdc 

Base-Emitter On Voltage 

(l c = 2.0 Adc, V CE = 3.0 Vdc) 

v BE(on) 

- 

2-8 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current-Gain 
(l C = 0.75 Adc, V CE = 10 Vdc, f = 1.0 MHz) 

l h fel 

25 

- 

- 

Output Capacitance 

c ob 



pF 

(V CB = 10 Vdc, l E =0, f = 0.1 MHz) 2N6034, 2N6035, 2N6036 


- 

200 


2N6037, 2N6038, 2N6039 


- 

iog 



•Indicates JEDEC Registered Data. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


R B & RC VARIED TO OBTAIN OESIRED CURRENT LEVELS 
Oi, MUST BE FAST RECOVERY TYPES, e.g., 

MB05300 USED ABOVE Ifi = 100 mA 
MS06100 USED BELOW Ib =» 100 mA 


+8.0 V | 

H" 

approx | 


L. 

-12 V 





_ 25 s 

US 


c 


Vcc 

-30 V 


t r ,tf < 10 ns 
DUTY CYCLE =1.0% 


1 

+4.0 V 

for td and t r , Di is disconnected 
and V 2 = 0, Rb and Rc are varied 
to obtain desired test currents. 

For NPN test circuit, reverse diode, 
polarities and input pulses. 


fi 


FIGURE 3 - SWITCHING TIMES 
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2N6034, 2N6035, 2N6036 PIMP 
2N6037, 2N6038, 2N6039 NPN 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


ACTIVE-REGION SAFE-OPERATING AREA 




Vce. COLLECTOR EMITTER VOLTAGE (VOLTS) 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 5 and 6 is based on Tj( p k) = 150°C; Tc is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p |<) <150°C. Tj(p|<) 
may be calculated from the data in Figure 4. At high case tempera- 
tures, thermal limitationswill reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 
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Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 








(M) MOTOROLA 


2N6040 thru 2N6042 PNP 


2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PNP 


MJE6043 thru MJE6045 NPN 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain — 

hfE = 2500 (Typ) @ Iq = 4.0 Adc 

• Collector-Emitter Sustaining Voltage — @ 100 mAdc (O 

VcEO(sus) = 60 Vdc (Min) - 2N6040, 2N6043 
= 80 Vdc (Min) - 2N6041, 2N6044 
= 100 Vdc (Min) - 2N6042, 2N6045 

• Low Collector-Emitter Saturation Voltage — (i) 

v CE(sat) = 2.0 Vdc (Max) @ \q = 4.0 Adc - 2N6040.41 ,2N6043,44 
= 2.0 Vdc (Max) @ \q = 3.0 Adc - 2N6042, 2N6045 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

(1) Applies to corresponding in-house part numbers also. 


♦MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 
Peak 

Base Current 

Total Power Dissipation @ T^; = 25°C 
Derate above 25°C 

Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 
Operating and Storage Junction, 
Temperature Range 


Symbol 


2N6040 

2N6043 

MJE6040 

MJE6043 


2IM6041 

2N6044 

MJE6041 

MJE6044 


2N6042 

2N6045 

MJE6042 

MJE6045 


Unit 


V CEQ 

V CB 

V EB 


60 80 

60 80~ 

i — 5.0 


100 

100 


Vdc 

Vdc 

Vdc 


•c 


8.0 

16 


Adc 


*B 

P D 


120 
-75 - 
0.60 


mAdc 


Watts 

W/°C 


P D 


T J- T stg 


— 2.2 - 
0.0175 


-65 to +150 


Watts 

W/°C 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

°JC 

1.67 

o 

O 

Thermal Resistance, Junction to Ambient 

°JA 

57 

°c/w 


’Indicates JEDEC Registered Data 



DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
75 WATTS 
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2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


NOTES 

1 DIMENSION H APPLIES TO ALL LEADS 

2 DIMENSION L APPLIES TO LEADS 1 
AND 3 

3 DIMENSION 2 DEFINES A ZONE WHERE 
ALL BODY AND LEAD IRREGULARITIES 
ARE ALLOWED 

4 DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5M, 1982 

5 CONTROLLING DIMENSION INCH 


MJE6040 

thru 



DIM 

MILLIW 

ETEHS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

16 13 

16 38 

0 635 

0 645 

B 

12 57 

12 83 

0 495 1 

0 505 

c 

318 

3 43 

0 125 

0 135 

n 

1 09 

124 

0 043 

0 049 

F 

351 

3 76 



G 

12 

BSC 

0 16 

BSC 


2 67 

2 92 

0 105 

0 115 

~T~ 

0813 

0 864 


0 034 

K 

1511 

16 38 

r0595~ 

0 645 

M 

91 

TYP 

9” TYP 

a 

4 70 

4 95 

0 185 

0 195 

R 

1 91 

2 16 

0 075 

0 085 

u 

622 

6 48 

0 245 

0 255 

V 

2 03 


0 080 



CASE 90 05 

TO 127 
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2N6040 thru 2N6042 PNP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PIMP 
MJE6043 thru MJE6045 NPN 


‘ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

1 Characteristic | Symbol ] Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = 100 mAdc, l B = 0) 


Collector Cutoff Current 
(V C E = 60 Vdc, l B = 0) 
(V C E = 60 Vdc, l B = 0) , 
(V C E = 100 Vdc, l B = 0) 
Collector Cutoff Current 


2N6040, 2N6043, MJE6040, MJE6043 
2N 6041, 2N6044, MJE6041, MJE6044 
2N 6042, 2N6045, MJE6042, MJE6045 


v CEO(sus) 


'CEO 


60 

80 

100 


2N6040, 2N6043, MJE6040, MJE6043 
2N6041, 2N6044, MJE6041, MJE6044 
2N6042, 2N6045, MJE6042, MJE6045 


'CEX 


(V CE = 60 Vdc, V BE ( of f) = 1 5 Vdc) 2N6040, 2N6043, MJE6040, MJE6043 
(Vce = 80 Vdc, V be (off) = 1 5 Vdc) 2N6041, 2N6044, MJE6041, MJE6044 
(Vce = 100 Vdc, V B E( 0 ff) = 1 5 Vdc) 2N6042, 2N6045, MJE6042, MJE6045 
(Vce = 60 Vdc, V BE ( 0 ff) = 1 5 Vdc, 

T c = 1 50°C) 2N6040, 2N6043, MJE6040, MJE6043 

(Vqe = 80 Vdc, V BE ( 0 ff) = 1 5 Vdc, 

T C = 1 50°C) 2N 6041, 2N6044, MJE6041, MJE6044 

(V CE = 100 Vdc, v BE(0 ff) = i 5 vdc, 

T c = 1 50°C) 2N6042, 2N6045, MJE6042, MJE6045 

Collector Cutoff Current 


'CBO 


(Vcb,= 60 Vdc - 'E = 0) 
(V CB = 80 Vdc, l E = 0) 

( V CB = 100 Vdc, l E = 0) 
Emitter Cutoff Current 
(V BE = 5 0 Vdc, l c = 0) 


2N6040, 2N6043, MJE6040, MJE6043 
2N6041, 2N6044, MJE6041, MJE6044 
2N6042, 2N6045, MJE6042. MJE6045 


'EBO 


Vdc 


mA‘ 


20 

20 

20 


20 

20 

20 


200 

200 


ON CHARACTERISTICS 


DC Current Gain 

(l C = 4 0 Adc, V CE = 40 Vdc) 2N6040,41, 2N6043,44, MJE6040,41, MJE6043,44 
(I C = 3 0 Adc, V CE = 40 Vdc) 2N6042, 2 N6045, MJE6042, MJE6045 
(Ip = 8 0 Adc, VpF =40 Vdc) All Types 

hFE 

1000 

1000 

100 

20,000 

20,000 

~ 

Collector-Emitter Saturation Voltage 

^ce (sat) 



Vdc 

<I C = 4 0 Adc, l B = 16 mAdc) 2N6040.41 ,2N6043,44,MJE6040,41 ,MJE6043,44 


- 

20 


(IC = 3 0 Adc, l B = 12 mAdc) 2N6042,2N6045,MJE6042,MJE6045 


- 

20 


(lC = 8 0 Adc, l B = 80 mAdc) All Types 


- 

40 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(lc = 8 0 Adc, l B = 80 mAdc) 


- 

45 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 4 0 Adc, Vqe = 4 0 Vdc) 



2 J. 1 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

() C = 30 Adc, Vqe =40 Vdc, f = 1 0 MHz) 

|hf e l 

4 0 

_ 


Output Capacitance 

^ob 



PF 

( V CB = 10 Vdc, l E = 0, f = 0 1 MHz) 2N6040/2N6042, MJE6040/MJE6042 


- 

300 


2N6043/2N6045. MJE6043/MJE6045 


- 

200 


Small-Signal Current Gam 

hfe 



- 

; (l C = 3 0 Adc, V CE = 4 0 Vdc, f = 1 0 kHz) 


300 

- 



‘Indicates JEDEC Registered Data 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 
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2N6040 thru 2N6042 PISIP 
2N6043 thru 2N6045 NPN 
MJE6040 thru MJE6042 PIMP 
MJE6043 thru MJE6045 IMPIM 



0.01 0.02 0.03 0.05 0 1 0 2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



VcE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor- average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 150°C; Tq isvariable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 150°C. Tj( p |<.) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 
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2N6049 



MOTOROLA 


MEDIUM-POWER PNP SILICON TRANSISTOR 

. . . designed for general-purpose switching and amplifier applications 

• Excellent Safe Operating Area 

• DC Current Gain Specified to 4.0 Amperes 

• Complement to NPN Type 2N3054A 


^MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

55 

Vdc 

Collector-Emitter Voltage 

V CE R 

60 

Vdc 

( R BE = 100 £7) 




Collector-Base Voltage 

V CB 

90 

Vdc 

Emitter-Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Continuous 

'c 

4.0 

Adc 

Peak 


10 


Base Current 

1 B 

2.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

PD 

75 

Watts 

Derate above 25° 


0.43 

W/°C 

Operating and Storage Junction, 

Tj' T S fg 

-65 to +200 

°C 

Temperature Range 



* Indicates JEDEC Registered Data 

THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

°JC 

2.33 

°C/W 



4 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

55 VOLTS 
75 WATTS 



P 

L, 


— U ~ 


c 


:n B_| 


1 - 4 



TJ 


i j 

1 

1 B A 

SEATING PLANE 

i 

K 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 



S 


DIM 

MILLIW 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 


11.94 

12.70 

0.470 

0.500 

c 

6.35 

8.64 

0.250 

0.340 


0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

nr -1 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 


0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

_ 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

_ 

0.620 


All JEDEC Dimensions and and Notes Apply. 
CASE 80-02 
TO-66 
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2N6049 


*ELECTR ICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

v CEO(sus) 



Vdc 

(In = 100 mAdc, l R = 0) 

55 

_ 


Collector-Emitter Sustaining Voltage (1) 

v CER(sus) 



Vdc 

(Iq = 100 mAdc, RgE = 100 fl) 


60 

- 


Collector Cuttoff Current 

'CEO 



MAdc 

(V C E = 30 Vdc, l R = 0) 


- 

500 


Collector Cutoff Current 

•CEX 



mAdc 

(Vqe = 90 Vdc, VRE(off) = 1-5 Vdc) 


- 

1.0 


(Vce = 90 Vdc, V B E(off) = 1-5 Vdc, 

T C = 1 50°C) 



6.0 

! 


Emitter Cutoff Current 

>EBO 



mAdc 

(V B e = 7.0 Vdc, Iq = 0) 


- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 

hFE 



_ 

(Iq = 500 mAdc, V C E = 4.0 Vdc) 


25 

100 


(Iq =3.0 Adc, Vqe = 4.0 Vdc) 


6.0 


- 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Iq = 500 mAdc, l B = 50 mAdc) 


- 

0.5 


(Iq = 4.0 Adc, l B = 800 mAdc) 


- 

2.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(Iq = 500 mAdc, V CE = 4.0 Vdc) 



1.0 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
(Iq = 200 mAdc, Vqe = 10 Vdc) 

*T 

3.0 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

_ 

200 

PF 

Small-Signal Current Gain 

(Iq = 100 mAdc, Vqe = 4.0 Vdc, f = 1.0 kHz) 

h fe 

25 

180 



* I ndicates JE DEC Registered Data 

(1) Pulse test: Pulse Width <300 ms, Duty Cycle <2.0% 


FIGURE 2 - SWITCHING TIME EQUIVALENT TEST CIRCUIT 

2.0 

1.0 

0.5 
-5? 0.3 

3 

^ 0.2 
P 

0.1 

0.05 

0.03 
0.02 

0.04 0.06 0.1 0.2 0.4 0.6 1.0 2.0 4.0 

1C, COLLECTOR CURRENT (AMP) 
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2N6049 


FIGURE 4 - THERMAL RESPONSE 



t, TIME or PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN OFF TIME 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(pk) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) < 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 
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2N6050 thru 2N6052 PNP 
2N6057 thru 2N6059NPN 



MOTOROLA 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low frequency 
switching applications. 

• High DC Current Gain - 

h FE = 3500 (Typ) @ lc = 5.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mA 

VCEO(sus) = 60 Vdc (Min) - 2N6050, 2N6057 
80 Vdc (Min) - 2N6051, 2N6058 
100 Vdc (Min) - 2N6052, 2N6059 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6050 

2N6057 

2N6051 

2N6058 

2N6052 

2N6059 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 ► 

Vdc 

Collector Current — Continuous 

*C 


— 12 — 


Adc 

Peak 



— 20 — 



Base Current 

>B 

— °- 2 

Adc 

Total Device Dissipation 

P D 


150 — 


Watts 

@T C = 25° C 






Derate above 25°C 



— 0.857 - 


W/°C 

Operating and Storage Junction 

Tj/ T stg 

^ 

65 to +200°C ► 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Rating 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.17 

°C/W 


‘Indicates JED EC Registered Data 



DARLINGTON 
12 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 


60-80-100 VOLTS 
150 WATTS 



A - 
- B 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

_ 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

T21CP 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

~ I — 1 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED T0-3 OUTLINE SHALL APPLY. 
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2N6050 thru 2N6052 PN P/2 N 6057 thru 2N6059 NPN 


•ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 0) 

(l C = 100 mAdc, l B =0) 

2N6050, 2N6057 
2N6051, 2N6058 
2N6052, 2N6059 

VcEO(sus) 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

( V C E = 30 Vdc, l B = 0) 

2N6050, 2N6057 


- 

1.0 


(V C E = 40 Vdc, l B = 0) 

2N6051, 2N6058 


- 

1.0 


(V CE = 50 Vdc, l B = 0) 

2N6052, 2N6059 


- 

1.0 


Collector Cutoff Current 


•CEX 



mAdc 

(Vqe = Rated VqeO' v BE(off) = L5 Vdc) 



- 

0.5 


(V CE = Rated VqeO' v BE(off) = 1-5 Vdc, Tq = 

150°C) 



5.0 


Emitter Cutoff Current 


>EBO 

- 

2.0 

mAdc 

(V be = 5.0 Vdc, l C = 0) 







OIM CHARACTERISTICS (D 


DC Current Gain 

(lC = 6.0 Adc, V CE = 3.0 Vdc) 

(lC = 12 Adc, V C e = 3.0 Vdc) 

h F E 

750 

100 

18,000 


Collector-Emitter Saturation Volatage 
(lC = 6.0 Adc, l B = 24 mAdc) 

(l c = 12 Adc, l B = 120 mAdc) 

v CE(sat) 

- 

2.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 12 Adc, l B = 120 mAdc) 

v BE(sat) 

— 

4.0 

Vdc 

Base-Emitter On Voltage 

(l c = 6.0 Adc, V CE = 3.0 Vdc) 

v BE(on) 

- 

2.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal Short Circuit Forward 

Current Transfer Ratio 

(1C = 5.0 Adc, V CE = 3.0 Vdc, f = 1.0 MHz) 

1 h fe| 

4.0 


MHz 

Output Capacitance 2N6050/2N6052 

( Vq B = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6057/2N6059 

^ob 

— 

500 

300 

pF 

Small-Signal Current Gain 

(1C = 5.0 Adc, V CE = 3.0 Vdc, f = 1 .0 kHz) 

hfe 

300 




*1 ndicates JED EC Registered Data 

(Dpulse test: Pulse Width = 300 fis, Duty Cycle = 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



For NPN test circuit reverse diode and voltage polarities. 



0.2 0.5 1.0 3.0 5.0 10 20 

1C, COLLECTOR CURRENT (AMP) 
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2N6050 thru 2N6052 PNP/2N6057 thru 2N6059 NPN 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 5 - 2N6050, 2N6057 FIGURE 6 - 2N6051, 2N6058 FIGURE 7 - 2N6052, 2N6059 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vqe, COLLECTOR EMITTER VOLTAGE (VOLTS) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate Iq — Vce limits of the transistor that must be observed for reliable operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 5, 6 and 7 is based on T j (pk) = 200°C; Tc is variable depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 10% provided Tj(p|<) ^ 200°C Tj(p|<) may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. 


FIGURE 8 - SMALL-SIGNAL CURRENT GAIN FIGURE 9 - CAPACITANCE 



1.0 2.0 5.0 10 20 50 100 200 500 1000 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 

f, FREQUENCY (kHz) Vr, REVERSE VOLTAGE (VOLTS) 
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2N6050 thru 2N6052 PNP/2N6057 thru 2N6059 NPN 



1C, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 11 - COLLECTOR SATURATION REGION 



0.5 1.0 2.0 3.0 5.0 10 20 30 50 0.5 1.0 2.0 3.0 5.0 10 20 30 50 

IB, BASE CURRENT (mA) Ib, BASE CURRENT (mA) 


FIGURE 12 - "ON" VOLTAGES 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 

1C, COLLECTOR CURRENT (AMP) l C , COLLECTOR CURRENT (AMP) 
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2N6053, 2N6054, 2N6298, 2N6299 PNP 
2N605S, 2N6056, 2N6300, 2N6301 NPN 




MOTOROLA 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low frequency switching 
applications. 

• High DC Current Gain — 

hpE = 3000 (Typ) @ Iq = 4.0 Adc 

• Col lector- Emitter Sustaining Voltage — @ 100 mA 

VCEO(sus) = 60 Vdc (Min) - 2N6053, 2N6055, 2N6298, 2N6300 
= 80 Vdc (Min) - 2N6054, 2N6056, 2N6299, 2N6301 

• Low Collector- Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ lc = 4.0 Adc 
= 3.0 Vdc (Max) @ \q = 8.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

♦MAXIMUM RATINGS 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 
60-80 VOLTS 
75,100 WATTS 


Total Device Dissipation @ Tq = 25°C 

Derate above 25°C 

Operating and Storage Junction Temperature 
Range 

THERMAL CHARACTERISTICS 


2N6053 

2N6298 

2N6054 

2N6299 

2N6055 

2N6300 

2N6056 

2N6301 

100 

75 

0.571 

0.428 


•Indicates JED EC Registered Data. 


FIGURE 1 - POWER DERATING 
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2N6298 thru 2N6301 V \ 
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Rating 

Symbol 

2N6053 

2N6055 

2N6298 

2N6300 

2N6054 

2N6056 

2N6299 

2N6301 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

'C 

8.0 

Adc 

Peak 


16 


Base Current 

■b 

120 

mAdc 



J 

9 

caseTc 

V Q 

/d 

rx 

„ t 


e_J 

e 

fcn 

t 

f X G | 


r 29 90 30 40 1177 1197 

G 10 67 11 18 0420 0440 

H 5 33 5 59 0 210 0 220 

J 16 64 17 15 0 655 0 675 

K 11.18 12 19 0 440 0 480 
Q 3.84 4 09 0 151 0161 
R 1 - 126 67 | - 1 1050 


Characteristic 

Symbol 

— 

2N6053 

2N6054 

2N6055 

2N6056 

2N6298 

2N6299 

2N6300 

2N6301 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.75 

2.33 

°C/W 


r=^ 


20 









2N6053, 2N6054, 2N6298, 2N6299 PNP, 
2N6055, 2N6056, 2N6300, 2N6301 IMPN 



*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic 

Symbol | 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (D 

(l c = 100 mAdc, l B =0) 2N6053, 2N6055, 2N6298, 2N6300 

2N6054, 2N6056, 2N6299, 2N6301 

v CEO(sus) 

Collector Cutoff Current 

(V C e = 30 Vdc, l B = 0) 2N6053, 2N6055, 2N6298, 2N6300 

( V CE = 40 Vdc, l B = 0) 2N6054, 2N6056, 2N6299, 2N6301 

•CEO 

Collector Cutoff Current 

(Vce = Rated Vq B , V BE ( 0 ff) = 1.5 Vdc) 

(V CE = Rated V CB , V BE(off ) = 1.5 Vdc, T C = 150°C) 

*CEX 


Max Unit 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 


ON CHARACTERISTICS (1) 

DC Current Gain 

(l c = 4.0 Adc, V CE = 3.0 Vdc) 
(l c = 8.0 Adc, V CE = 3.0 Vdc) 


Collector-Emitter Saturation Voltage 
(l c = 4.0 Adc, l B = 16 mAdc) 

(Iq = 8.0 Adc, l B = 80 mAdc) 
Base-Emitter Saturation Voltage 
Or = 8.0 Adc, l B = 80 mAdc) 


Base-Emitter On Voltage 

( l C = 4.0 Adc, V CE = 3.0 Vdc) 


DYNAMIC CHARACTER ISTICS 

Magnitude of Common Emitter Small-Signal Short Circuit Current Transfer Ratio 
OC = 3.0 Adc, V CE = 3.0 Vdc, f = 1.0 MHz) 

Output Capacitance 

(V C b = 10 Vdc, l E = 0,f = 0.1 MHz) 2N6053, 2N6054, 2N6298, 2N6299 

2N6055, 2N6056, 2N6300, 2N6301 

Small-Signal Current Gain 

(l c = 3.0 Adc, V CE = 3.0 Vdc, f= 1.0 kHz) 

‘Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 /is. Duty Cycle = 2.0 %. 



FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


Re & Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 
D i , MUST BE FAST RECOVERY TYPES, e.g., 

MB05300 USED ABOVE Ifi * 100 mA 
MSD6100 USED BELOW Ib * 100 mA 



Rb |L/ 


n 


j > ~~}s fc 

Y 

2 ! 

51 2 
1 

D]V 

~f, 0k J 

- 60 ^ 


J 

L . i 

— 

+=- 


- 25 txs for td and t r , Di is disconnected 

and V 2 = 0 


For NPN test circuit reverse diode, polarities and input puls 



0.5 0.7 1.0 ... 

In. COLLECTOR CURRENT (AMP) 
































Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N6053, 2N6054, 2N6298, 2N6299 PNP, 
2N6055, 2N6056, 2N6300, 2N6301 NPN 


PNP 


NPN 


2N6053, 2N6054, 2N6298, 2N6299 | 2N6055, 2N 6056, 2N 6300, 2N6301 

FIGURE 9 - DC CURRENT GAIN 



FIGURE 10 - COLLECTOR SATURATION REGION 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

IB, BASE CURRENT (mA) 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

IB, BASE CURRENT (mA) 


FIGURE 11 - 
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HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . the 2N6077 and 2N6078 transistors are designed for high- 
voltage, high-speed switching applications. They are characterized 
for operating directly off the rectified 110 Volt power lines in 
circuits such as: 

• Switching Regulators 

• Solenoid and Relay Drivers 

• Motor Controls 

• Inverters 


THERMAL CHARACTERISTICS 


Purposes: 1/8" from Case for 5 Seconds 
^Indicates JEDEC Registered Data 


MOTOROLA 


7 AMPERES 

NPN SILICON 
POWER TRANSISTORS 


275-300 VOLTS 
45 WATTS 


♦MAXIMUM RATINGS 





Rating 

Symbol 

2N6077 

2N6078 

Unit 

Collector-Emitter Voltage 

V CEX 

300 

275 

Vdc 

Collector-Base Voltage 

VCBO 

300 

275 

Vdc 

Emitter-Base Voltage 

Vebo 

l 

5 

Vdc 

Collector Current — Continuous 

•c 


7 

Adc 

— Peak 

'CM 

1 

0 


Base Current — Continuous 

'b 


4 

Adc 

Total Power Dissipation 
@ T C = 25°C 

P D 

45 

Watts 

Derate above 25°C 


0.257 

w/°c 

Operating and Storage Junction 

T J, T stg 

-65 to +200 

°C 

Temperature Range 









Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.9 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 

°c 


STYLE 1. 

PIN 1. BASE 
2. EMITTER 
CASE- COLLECTOR 


DIM 

MILLIMETERS 
MIN 1 MAX 

INCHES 1 
MIN I MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0 028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 


0.360 

- 

P 


1.27 


0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

_ 

8.89 

_ 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 

CASE 80-02 
TO 66 
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2N6077, 2N6078 


"ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted.) 

1 Characteristic { Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(I C = 200 mA, l B = 0) 2N6077 

2N6078 

VCEO(sus) 

275 

250 

- 

Vdc 

Emitter Cutoff Current 

•ebo 

- 

1.0 

mAdc 

(V BE = 6 Vdc, l C = 0) 





Collector Cutoff Current 

*CEV 



mAdc 

(V C EV * 250 Vdc, v BE(off) = 1 5 Vdc) 2N6077 


- 

5.0 


2N6078 


— 

0.05 


(V C EV = 25° Vdc,V BE ( off ) = 1.5 Vdc, T c = 125°C) 2N6077 


- 

8.0 


2N6078 


- 

0.2 


Collector Cutoff Current 

'CEO 



mA 

(V CE = 250 Vdc, V BE ( off ) = 1 .5 Vdc) 2N6077 


- 

2.0 



ON CHARACTERISTICS 


DC Current Gain 

(lC =1-2 Adc, Vce = 1 Vdc) 

h FE 

12 

70 

- 

Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(l C = 1.2 Adc, l B =0.2 Adc) 

2N6077 


— 

0.5 



2N6078 





(IC = 3 Adc, l B = 0.6 Adc) 

2N6077 


- 

1.0 


(l C = 5 Adc, l B = 1 Adc) 

2N6078 


- 

3.0 


Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

(IC= 1.2 Adc, l B = 0.2 Adc) 

2N6077 


— 

1.6 



2N6078 





(lC = 3 Adc, l B = 0.6 Adc) 

2N6077 

i 

- 

1.9 


(l C = 5 Adc, l B = 1 Adc) 

2N6078 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

! h fe! 

1.0 

- 

MHz 

(l C = 200 mAdc, V CE = 10 Vdc, f test = 1 .0 MHz) 





SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 





Rise Time 

(V CC = 250 Vdc, l c = 1 .2 Adc, 

• B1 = 'B2 = 200 mAdc = 100 jus. 

Duty Cycle < 2.0%) 

tr 

- 

0.75 

jus 

Storage Time 

ts 

- 

5.0 

JUS 

Fall Time 

tf 

- 

0.75 

MS 


* Indicates JEDEC Registered Data 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



1 2 3 5 7 10 20 30 50 70 100 200 300 500 700 1000 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe Operating area curves indicate lc*^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figures 12 and 13 is based on T^ = 25°C; Tj(p|<) 
is variable (depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated for 
temperature according to Figure 1. 
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PNP NPN 

2N6107 2N6288 
2N6109 2N6290 
2N6111 2N6292 



MOTOROLA 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 7.0 Amperes 

h FE = 30-150 @ l c = 3.0 Adc - 2N61 1 1 , 2N6288 
= 2.3 (Min) @ Iq = 7.0 Adc - All Devices 

• Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 30 Vdc Win) ~ 2N61 1 1 , 2N6288 
= 50 Vdc (Min) - 2N6109, 2N6290 
= 70 Vdc (Min) - 2N6107, 2N6292 

• High Current Gain - Bandwidth Product 

f j = 4.0 MHz (Min) @ l c * 500 mAdc - 2N6288, 90, 92 
= 10 MHz (Min) @ l c =? 500 mAdc - 2N6107, 09, 1 1 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


7 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

30-50-70 VOLTS 
40 WATTS 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Base Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


T J' T stg 


2N6111 

2N6288 


2N6109 

2N6290 


2N6107 

2N6292 


80 


5.0 


-7.0 - 
- 10 - 


-3.0 - 


Unit 


Watts 

W/°C 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.125 

°C/W 


indicates JEDEC Registered Data 




— S 

1 

T 

A 

"K, 

K 

1 

nr 

7~^ 

j SECT A-A 

-1 

-!• — R 

El: 

L-j 


PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15 75 

0 575 

0.620 

B 

9.65 

10.29 

0.380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

0 

0 64 

0.89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

241 

267 

¥0951 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0.210 

Q 

2 54 

3.04 

0 100 

0 120 

R 

2.04 

2.79 

0 080 

0.110 

S 

1.14 

1.39 

0 045 

0.055 

T 

5.97 

6.48 

0.235 

0 255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 
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2IM6107, 2IM6109, 2IM6111 PIMP, 2N6288, 2IM6290, 2N6292 NPN 


^ELECTRICAL CHARACTERISTICS (TQ = 25°C unless otherwise noted) 

Characteristic | Symbol f Min ] Max | Unit J 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

v CEO(sus) 



Vdc 

(l c = 100 mAdc, l B = 0) 2N61 1 1 , 2N6288 


30 

_ 


2N6109, 2N6290 


50 

- 


2N6107, 2N6292 


70 

- 


Collector Cutoff Current 

»CEO 



mAdc 

(V C E = 20 Vdc, l B =0) 2N61 1 1 , 2N6288 


- 

1.0 


(V CE = 40 Vdc, l B = 0) 2N61 09, 2N6290 


- 

1.0 


(V C E =60 Vdc, l B = 0) 2N6107, 2N6292 


- 

1.0 


Collector Cutoff Current 

'CEX 



MAdc 

<V CE = 40 Vdc, V EB ( 0 ff) = 1.5 Vdc) 2N61 1 1 , 2N6288 


- 

100 


(V C E =60 Vdc,V E8 ( of f) = 1.5 Vdc) 2N6109, 2N6290 


- 

100 


(V CE =80 Vdc, V EB ( 0 f f ) = 1.5 Vdc) 2N6107, 2N6292 


- 

100 


(V C E “ 30 Vdc, V EB ( 0 ff) = 1 .5 Vdc, T c = 150°C) 2N61 1 1 , 2N6288 


- 

2.0 

mAdc 

(V C E = 50 Vdc, V EB ( of f) = 1 .5 Vdc, T c = 150°C) 2N6109, 2N6290 


- 

2.0 


(V C E = 70 Vdc, V EB (off) = 1 .5 Vdc, T c = 150°C) 2N6107, 2N6292 


- 

2.0 


Emitter Cutoff Current 

'ebo 

- 

1.0 

mAdc 

(V BE = 5.0 Vdc, l C = 0) 






ON CHARACTERISTICS (1 ) 


DC Current Gain 

(l C = 2.0 Adc, V CE = 4.0 Vdc) 2N6107, 2N6292 

(l c = 2.5 Adc. V CE = 4.0 Vdc) 2N6109, 2N6290 

(l C = 3.0 Adc, V CE = 4.0 Vdc) 2N61 1 1 , 2N6288 

(Iq =7.0 Adc, Vq E = 4.0 Vdc) All Devices 

h FE 

30 

30 

30 

2.3 

150 

150 

150 


Collector-Emitter Saturation Voltage 
(Iq = 7.0 Adc, l B = 3.0 Adc) 

v CE(sat) 

~ 

3.5 

Vdc 

Base-Emitter On Voltage 

(Iq = 7.0 Adc, V CE = 4.0 Vdc) 

v BE(on) 


3.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(Iq = 500 mAdc, V CE = 4.0 Vdc, f test = 1 .0 MHz) 

2N6288, 90, 92 

2N6107, 09, 11 

*T 

4.0 

10 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1 .0 MHz) 

Cob 

- 

250 

pF 

Small-Signal Current Gain 

(Iq = 0.5 Adc, V CE = 4.0 Vdc, f = 50 kHz) 

h fe 

20 

| 



•Indicates JEDEC Registered Data. 

(l)Pulse Test: Pulse Width < 300 ms. Duty Cycle < 2.0%. 
(2 )f T = I h fe I • f test 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Vcc 

+30 V 




:n__ 


+11 V 
0 


t r , tf <LlO ns 
DUTY CYCLE = 1.0” 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg- 
MBD5300 USED ABOVE Ib «100 mA 
MSD6100 USED BELOW !b =100 mA 


FIGURE 3 - TURN-ON TIME 
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Iq, COLLECTOR CURRENT (Amp) f(t > TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6107, 2N6109, 2N6111 PNP, 2N6288, 2N6290, 2N6292 NPN 


FIGURE 4 - THERMAL RESPONSE 



t. TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



i 1 — i — i — i — i 1 1 1 1 1 — i i — i i — i 

5.0 7.0 10 20 30 50 70 100 

V CE( COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0.07 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 7.0 

1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 150°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 



0.5 1.0 2.0 3.0 5.0 10 20 30 50 


Vr, REVERSE VOLTAGE (VOLTS) 
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MOTOROLA 


NPN PNP 
2N6121 2N6124 
2N6122 2N6125 
2N6123 2N6126 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in power amplifier and switching circuits, — 
packaged in the compact TO-220AB outline. TO-66 leadform also 
available. 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6121 

2N6124 

2N6122 

2N6125 

2N6123 

2N6126 

Unit 

Collector-Emitter Voltage 

v CEO 

45 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

45 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

-m 5.0 ► 

Vdc 

Collector Current 

'c 

-« 4.0 ► 

Adc 

Base Current 

'b 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

PD 


40 


Watts 

Derate above 25°C 



320 


mW/°C 

Operating and Storage Junction 

T J, T stg 


£5 to +150 — 


°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.12 

°C/W 


^ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
<I C = 0.1 Adc, l B = 0) 

2N6121, 2N6124 
2N6122, 2N6125 
2N6123, 2N6126 

v CEO(sus) 

45 

60 

80 

- 

Vdc 

Collector Cutoff Current 


*CEO 



mAdc 

(V CE = 45 Vdc, l B = 0) 

2N6121, 2N6124 


- 

1.0 


(Vce = 60 Vdc, lg = 0) 

2N6122, 2N6125 


- 

1 0 


<V CE =80 Vdc, lg = 0) 

2N6123, 2N6126 


- 

1.0 


Collector Cutoff Current 


'CEX 



mAdc 

(V C E = 45 Vdc, V EB (o ff) = 1.5 Vdc) 

2N6121, 2N6124 


- 

0.1 


(V CE = 60 Vdc, V EB(of f) = 1.5 Vdc) 

2N6122, 2N6125 


- 

0.1 


(V nP = 80 Vdc, V FR | nff ) = 1.5 Vdc) 

2N6123, 2N6126 


- 

0.1 


(V CE =45 Vdc, V EB(off) = 1.5 Vdc. 

2N6121, 2N6124 


- 

2.0 


T C = 125°C) 






(V CE = 60 Vdc, V EB ( 0ff ) = 1 5 Vdc, 

2N6122, 2N6125 


_ 

2.0 


T c = 125°C) 






(Vce = 80 Vdc . v EB(off) = L5 Vdc, 

2N6123, 2N6126 


- 

2.0 


T c = 125°C) 






Collector Cutoff Current 


'CBO 



mAdc 

(Vq B = 45 Vdc, l E = 0) 

2N6121, 2N6124 


- 

0.1 


|V C B = 60 Vdc, l E = 0) 

2N6122, 2N6125 


- 

0.1 


(V CB =80 Vdc, l E = 0) 

2N6123, 2N6126 


- 

0.1 


Emitter Cutoff Current 


*EBO 

- 

1.0 

mAdc 

(V be = 5.0 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(t C = 1 5 Adc, V C E = 2 0 Vdc) 2N6126, 2N6124 

2N6122, 2N6125 
2N6123, 2N6126 

(l C = 4.0 Adc, V C e =2.0 Vdc) 2N6121 , 2N6124 

2N6122, 2N6125 
2N6123, 2N6126 

h FE 

25 

25 

20 

10 

10 

7.0 

100 

100 

80 


Collector-Emitter Saturation Voltage (1) 

(IC= 1.5 Adc, l B = 0.15 Adc) 

(l c = 4.0 Adc, l B = 1.0 Adc) 

v CE(sat) 

- 

0.6 

1.4 

Vdc 

Base-Emitter On Voltage (1) 

(I C = 1.5 Adc, V C e = 2 0 Vdc) 

v BE(on) 


1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(IC = 0.1 Adc, Vce = 2.0 Vdc, f = 1 .0 kHz) 

h fe 

25 


- 

Current-Gain-Bandwidth Product 

(I C = 1.0 Adc, V C E = 4.0 Vdc, f = 1-0 MHz) 

hr 

2.5 


MHz 


< 1 >Pulse Test: Pulse Width <300 ps, Duty Cycle <2.0%. 
•Indicates JEDEC Registered Data. 


4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

45-80 VOLTS 
40 WATTS 




STYLE 1: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

A 

14.60 

15.75 

0 575 

0.620 


9 65 

10.29 

0 380 

0.405 

c 

4 06 

4.82 

0 160 

0.190 

D 

0.64 

0 89 

0 025 

0.035 

F 

361 

3 73 

0 142 

0 147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3.93 

0 110 

0.155 

J 

0.36 

0.56 

0014 

0.022 

K 

12 70 

14.27 

0.500 

0.562 

L 

1.14 

1.39 

0.045 

0 055 

N 

4.83 

5 33 

0 190 

0210 

Q 

2.54 

3 04 

0.100 

0 120 

R 

2 04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

Z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 


1.3 
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2N6121, 2N6122, 2N6123, NPN, 
2N612.4, 2N6125, 2N6126, PNP 









t, TIME Ois) 1C, COLLECTOR CURRENT (pA) 


2N6121, 2N6122, 2N6123, NPN 
2N6124, 2N6125, 2N6126, PNP 



VbE, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - EFFECTS OF BASE-EMITTER RESISTANCE 



Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 7 - SWITCHING TIME EQUIVALENT CIRCUIT 


TURN-ON PULSE 

APPROX < 1 V CC O” 

+11 V 


VEB(off) 


APPROX 



— Wv- 

R C 


Vj n O WV- 


13 Cjd « C e b ‘ 

|\ I ti <7.0 ns 


K ° 

r SCOPE 


+11V f\ l\ I n <7.0 ns £> -±r 

l\ I 100 <t 2 <500 as -4.0 V 
V in - y ^<15 05 

I I 

t2 DUTY CYCLE «= 2.0% 

TURN-OFF PULSE APPROX -9.0 V 

RB AND Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Reverse all polarities and diode 
for PNP transistors. 

FIGURE 9 - TURN-ON TIME 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 4.0 

1C. COLLECTOR CURRENT (AMP) 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 40 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 10 - TURN-OFF TIME 
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r(t), TRANSIENT THERMAL RESISTANI 



t, TIME (ms) 


DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA 


FIGURE A 



I- 1/f — ~ 1 ti 

DUTY CYCLE D = ti-f = r 
T P 

PEAK PULSE POWER = P p 


A train of periodical power pulses can be represented by the model 
shown in Figure A. Using the model and the device thermal re- 
sponse, the normalized effective transient thermal resistance of 
Figure 12 was calculated for various duty cycles. 

To find 0jc(t), multiply the value obtained from Figure 12 by 
the steady state value 9 jc. 

Example: 

The 2N6121 is dissipating 50 watts under the following condi- 
tions: ti =0.1 ms, tp = 0.5 ms. (D = 0.2). 

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the 
reading of r(t-|, D) is 0.27. 

The peak rise in junction temperature is therefore: 

aT = r(t) X P P X 0 jc = 0.27 X 50 X 3.12 = 42.2°C 


- 2 - 






MOTOROLA 


2N6186 

thru 

2N6189 


MEDIUM-POWER PIMP SILICON TRANSISTORS 

. . designed for switching and wide-band amplifier applications. 

► Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 1*2 Vdc (Max) @ lc = 10 Adc 

► DC Current Gain Specified to 5 Amperes 

► Excellent Safe Operating Area 

► Packaged in the Compact, High Dissipation TO-59 Case 

► Isolated Collector Configuration 

* Complement to NPN 2N5346 thru 2N5349 


10 AMPERE 

POWER TRANSISTORS 
PNP SILICON 


80-100 VOLTS 
60 WATTS 


"MAXIMUM RATINGS 

Rating 

Symbol 

2N6186 

2N6187 

2N6188 

2N6189 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

10 

Adc 

Base Current 

>b 

2.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

60 

Watts 

Derate above 25°C 


343 

mW/°C 

Operating and Storage Junction 

Tj, T stg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 1 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

2.91 

°C/W 

Indicates JEDEC Registered Data. 





STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


r~ 


n L N t 

<- h 


p j 


B 

i 

- 

s 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

B 

10.77 

11.10 

0.424 

0.437 

C 

8.13 

11.89 

0.320 

0.468 

E 

. 2.29 

3.81 

0.090 

0.150 

G 

4.70 

5.46 

0.185 

0.215 

H 

- 

1.98 

- 

0.078 

J 

10.16 

11.56 

0.400 

0.455 

K 

14.48 

19.38 

0.570 

0.763 

L 

2.29 

2.79 

0.090 

0.110 

N 

- 

6.35 

- 

0.250 

P 

4.14 

4.80 

0.163 

0.189 

Q 

1.02 

1.65 

0.040 

0.065 

R 

8.08 

9.65 

0.318 

0.380 

S 

4.212 

4.310 

0.1658 

0.1697 

T 

9.65 

11.10 

0.380 

0.437 


All JEDEC dimensions and notes apply 
Collector isolated from case. 


CASE 160-03 

TO-69 
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2N6186 thru 2N6189 


♦ELECTRICAL CHARACTERISTICS (T c ° 2S°C, 

[ Characteristic ~ 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

( I c = 50 mAdc, l B = 0) 

Collector Cutoff Current 
(V CE = 75 Vdc, Ib = 0) 

(V CE = 90 Vdc. I B = 0) 

Collector Cutoff Current 

(V CE = 75 Vdc. V EB ( 0 ff) = 1 .5 Vdc) 

(V CE = 90 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

(V C E = 75 Vdc. V EB ( 0 ff) = 1.5 Vdc, 

T C = 150°C) 

(Vce = 90 Vdc * v BE(off) = 1.6 Vdc. 

T c = 150°C) 

Collector Cutoff Current 

(Vcb = Rated Vcb, ( E = 0) 

Emitter Cutoff Current 
(V BE = 6.0 Vdc, lc = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

(l c = 0.5 Adc, V CE = 2.0 Vdc) 


unless otherwise noted) 

~ I Symbol 


2N6186.87 
2N6188, 89 


2N6186, 87 
2N6188, 89 


2N6186, 87 
2N6188, 89 


2N6186, 87 
2N6188.89 


(l c = 2.0 Adc, V CE = 2.0 Vdc) 

(l c = 5.0 Adc, V CE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(1C = 2.0 Adc, Ib = 0.2 Adc) 

(1C = 7.0 Adc, l B = 0.7 Adc) 

Base-Emitter Saturation Voltage 
(IC = 2.0 Adc, Ib = 0.2 Adc) 

(l c = 10 Adc, l B = 1.0 Adc) 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product (2) 

(1C = 500 mAdc, V C e = 10 Vdc, fjest = 10 MHz ) 
Output Capacitance 

(Vcb = 10 Vdc, l E = 0, f = 100 kHz) 

Input Capacitance 

(V B e = 2.0 Vdc, l c = 0, f = 100 kHz) 

SWITCHING CHARACTERISTICS 

Delay Time (Vcc = 40 Vdc, V E B( 0 ff) = 3.0 Vdc, 
Rise Time (lc = 2.0 Adc, I bi = 200 mAdc) 
Storage Time (Vcc = 40 Vdc, lc = 2.0 Adc, 

Fall Time I B 1 = l E 2 = 200 mAdc) 

•Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width » 300 ms, Duty Cycle « 2.09 

(2) fj = lh fe I • fjest 


2N6186, 88 
2N6187, 89 
2N6186, 88 
2N6187, 89 
2N6186, 88 
2N6187, 89 


v CEO(sus) 




t d 

- 

100 


ns 

tr 

- 

100 


ns 

t S 

- 

2.0 


MS 

tf 

- 

200 


ns 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


+11 6 V VCC 


FIGURE 3 - TURN-ON TIME 


t r , tf < 10 ns 
D.C. = 1.0% 



U .1 U.3 u.b l.U Z.U J.U 

lc, COLLECTOR CURRENT (AMP) 




2N6186 thru 2N6189 


FIGURE 4 - THERMAL RESPONSE 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling -ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p k) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p k) < C200°C. 
T j(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 6 - TURN-OFF TIME 



FIGURE 7 - CAPACITANCE versus VOLTAGE 
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2N6190 

thru 

2N6193 



MOTOROLA 


1.3 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VQE(sat) = 1.2 Vdc (Max) @ lc = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space Limited 

Applications 

• Complement to NPN 2N5336 thru 2N5339 



* MAXIMUM RATINGS 


Rating 

Symbol 

2N6190 

2N6191 

2N6192 

2N6193 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

>C 

5.0 

Adc 

Base Current 

'B 

1.0 

Adc 

Total Device Dissipation @Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


57.1 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J. T stg 

-65 to +200 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

17.5 

°C/W 


'Indicates JEDEC Registered Data. 

FIGURE 1 - POWER-TEMPERATURE DERATING 



Tq, CASE TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed. 
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2N6190 thru 2IM6193 


* ELECTRICAL CHARACTER I ST ICS (T G = 25°C unless otherwise noted) 

I Characteristic I I Symbol j Min 1 Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 50 mAdc, l B = 0) 

2N6190, 2N6191 
2N6192, 2N6193 


v CEO(sus) 

80 

100 


Vdc 

Collector Cutoff Current 



'CEO 



MAdc 

(V C £ = 75 Vdc, l B - 0) 

2N6190, 2N6191 



- 

100 


(V C E = 90 Vdc, l B = 0) 

2N6192, 2N6193 



- 

100 


Collector Cutoff Current 



'CEX 



MAdc 

(V C £ = 75 Vdc, V BB ( 0 ff) = 1 .5 Vdc) 

2N6190, 2N6191 



- 

10 


(Vce = 90 Vdc, V BB ( 0 ff) = 15 Vdc) 

2N6192, 2N6193 



- 

10 


(Vqe = 75 Vdc, Vbe (off) = 1 5 Vdc, 

2N6190, 2N6191 



- 

1.0 

mAdc 

T C = 150°C) 







<V CE = 90 Vdc, V BE ( off) = 1 5 Vdc, 

2N6192, 2N6193 



- 

1.0 


T c = 150°C) 







Collector Cutoff Current 



'CBO 



MAdc 

(V CB = 80 Vdc, l E = 0) 

2N6190, 2N6191 



- 

10 


(V CB = 100 Vdc, l E = 0) 

2N6192, 2N6193 



- 

10 


Emitter Cutoff Current 



*EBO 



MAdc 

(V BE = 6.0 Vdc, I C = 0) 





100 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 500 mAdc, V CE = 2.0 Vdc) 2N6190, 2N6192 

2N6191, 2N6193 

<l c = 2.0 Adc, V CE = 2.0 Vdc) 2N6190, 2N6192 

2N6191, 2N6193 

(l c = 5.0 Adc, V GE = 2.0 Vdc) 2N6190, 2N6192 

2N6191, 2N6193 


h FE 

30 

60 

30 

60 

20 

40 

120 

240 


Collector-Emitter Saturation Voltage 


Vce (sat) 



Vdc 

(IC = 2.0 Adc, l B =0.2 Adc) 



- 

0.7 


(l C = 5.0 Adc, l B =0.5 Adc) 



- 

1.2 


Base-Emitter Saturation Voltage 


Vbe (sat) 



Vdc 

(l c = 2.0 Adc, l B = 0.2 Adc) 



- 

1.2 


(Iq = 5.0 Adc, l B = 0.5 Adc) 



- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (3) 

(l C = 0.5 Adc, V CE = 10 Vdc, fjest = 10 MHz) 


it 

30 


MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 100 kHz) 


c ob 

_ 

300 

P F 

Input Capacitance 

(V BE = 2.0 Vdc, »c = 0, f = 100 kHz) 


c Ib 



- 

1250 



SWITCHING CHARACTERISTICS 


Delay T ime 

(V G C = 40 Vdc, V BE ( 0 ff) = 3.0 Vdc, 


td 

- 

100 

ns 

Rise Time 



V 

- 

m 

ns 

Storage Time 

(V cc = 40 Vdc, lc = 2.0 Adc, 


*s 

- 

2.0 

MS 

Fall Time 

* B 1 = *B2 = 0 2 Adc) 


tf 


200 

ns 


'Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width :£ 300 ms. Duty Cycle< - 2.0% 

(2) f x = lhfel-f T est 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


+11.6 V VCC 




1C, COLLECTOR CURRENT (AMP) 
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'c- COLLECTOR CURRENT (AMP) r(t ) NORMALIZED EFFECTIVE TRANSIENT 


2N6190 thru 2N6193 


FIGURE 4 - THERMAL RESPONSE 






0.02 

o.oi U LJ 

0.01 0.02 0.03 0.05 


DUTY CYCLE, D = tl/t2 


t, TIME OR PULSE WIDTH (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


-j Tj(pk) - Tc = P(pk)0JC(t)| 




£5! 


zEz Tj = 200° C S t =L 

SECOND BREAKDOWN LIMITED ^ 

BONDING WIRE LIMITED 

THERMALLY LIMITED @Tc = 25°C ’ 
| PULSE DUTY CYCLE«10% 


zCURVES APPLY BELOW 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc — Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tc is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|<) < 200°C. 
Tj(pk) may be calculated from the data in Figure 4. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitaitons imposed by 
second breakdown. 


Vce, CO LLECTO R EMITTER VOLTAG E (VOLTS) 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE versus VOLTAGE 


BBsiMiiiiiniEBiiiii 


lc, COLLECTOR CURRENT (AMP) 


Vr, REVERSE VOLTAGE (VOLTS) 











MOTOROLA 


2N6211 

2N6212 

2N6213 


MEDIUM-POWER HIGH-VOLTAGE 
PNP POWER TRANSISTORS 

. . . designed for high-speed switching and linear amplifier applications 
for high-voltage operational amplifiers, switching regulators, convert- 
ers, inverters, deflection stages and high fidelity amplifiers. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 225 to 350 Vdc @ Iq = 200 mAdc 

• Second Breakdown Collector Current — 

*s/b = 875 mAdc @ VcE = 40 Vdc 

• tf = 0.6 jus Resistive Fall Time 

• Usable DC Current Gain to 2.0 Adc 


2 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

225 - 350 VOLTS 
35 WATTS 



♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


PD 


T J< T stg 


2N6211 2N6212 2N6213 


- 35 - 
- 0.2 • 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Symbol 


0JC 


°C/W 


Indicates JEDEC Registered Data. 


FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 



SEATING PLAI 

STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE- COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

0 

0.71 

0.86 

0.028 

0 IT 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 
CASE 80 02 
TO-66 


20 50 100 200 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the powerhandling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq-Vce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 200; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. (See 
Figure 8). 


1-251 






2N6211, 2N6212, 2N6213 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


•Collector-Emitter Sustaining Voltage (1 ) 

(l C = 200 mAdc, l B =0) 

2N6211 

2N6212 

2N6213 

v CEO(sus) 

225 

300 

350 

- 

Vdc 

•Collector-Emitter Sustaining Voltage 


v CEX(sus) 



Vdc 

(l c = 200 mA. V BE = -1 .5 V, L - 10 mH) 

2N6211 


275 

- 



2N6212 


350 

- 



2N6213 


400 

- 


•Collector-Emitter Sustaining Voltage (1 ) 


v CER(sus) 



Vdc 

(1C = 200 mA, l B =0, R BE = 50 a) 

2N6211 


250 

- 



2N6212 


325 

- 



2N6213 


375 

- 


•Emitter-Base Breakdown Voltage (1) 


v ebo 



Vdc 

(l E =0.5 mAdc, l C =0) 

2N6212/13 


6.0 

- 


(l E = 1.0 mAdc, lq = 0) 

2N6211 


6.0 



•Collector Cutoff Current 


•CEV 



mAdc 

(V C e = 250 Vdc, V BE ( off ) = 1 .5 Vdc, T c = 25°C) 



- 

0.5 


(T C = 100°C) 



- 

5.0 


(V CE = 315 Vdc, V BE ( of f) = 1 .5 Vdc, T c = 25°C) 



- 

0.5 


(T c = 100°C) 



— 

5.0 


(V CE = 360 Vdc, V BE ( 0 ff) = 1 .5 Vdc, T c = 25°C) 



- 

0.5 


(T C = 100°C) 



~ 

5.0 


Collector Cutoff Current 

All Types 

>CE0 

- 

5.0 

mAdc 

(V CE = 150Vdc, l B =0) 






•Emitter Cutoff Current 


'EBO 



mAdc 

<V EB = 6.0 Vdc, I C = 0) 

2N6211 


- 

1.0 



2N6212 


- 

0.5 



2N6213 


- 

0.5 



*ON CHARACTERISTICS (1) 


DC Current Gain 


h FE 



- 

(l c = 1 .0 Adc, V CE = 2.8 Vdc) 

2N6211 


10 

100 


(IC = 1.0 Adc, V CE = 3.2 Vdc) 

2N6212 


10 

100 


(l C = 1.0 Adc,V CE = 4.0 Vdc) 

2N6213 


10 

100 


Collector-Emitter Saturation Voltage 


VCE(sat) 



Vdc 

(Iq = 1.0 Adc, l B = 125 mAdc) 

2N6211 


- 

1.4 



2N6212 


- 

1.6 



2N6213 


- 

2.0 


Base-Emitter Saturation Voltage 

All Types 

v BE(sat) 

- 

1.4 

Vdc 

(IC = 1.0 Adc, l B = 125 mAdc) 







DYNAMIC CHARACTERISTICS 


•Current Gain— Bandwidth Product (2) 

(Iq = 200 mAdc, V C E = 10 Vdc, f tes t = 5.0 MHz) 

*T 

20 

- 

MHz 

Output Capacitance (Vcb = 10 Vdc, l E = 0, f = 1 .0 MHz) 

♦ ccrmin nnr Ai/r>/\uiiai 

Cob 

- 

220 

pF 


•Second Breakdown Collector Current with Base Forward Biased 
t = 1 .0 s (non-repetitive) (VqE = 40 Vdc) 

*S/b 

0.875 

- 

Adc 

•SWITCHING CHARACTERISTICS 

Rise Time 

(V C c = 200 Vdc, Iq = 1 0 Adc, 

1 b 1 = 'B2 = 0.125 Adc) 

tr 

- 

0.6 

MS 

Storage Time 

ts 

- 

2.5 

MS 

Fall Time 

tf 


0.6 

MS 


•Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0% 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


Input: Hewlett-Packard 
Model No. 214A, 
or equivalent 


V 8 b = +6 V o 

— i— — ^yv — 

■=• 100 MP Rb 250 n 


> 

> 



10mF 


-f Wr 

27 a 

1 w\r- 

50 a 



Output to Oscilloscope 
(Tektronix Model No. 543A, 
or equivalent) 



Input from Pulse Generator 
(Pulse Duration = 20 ms. 
Rep. Rate = 200 Hz) 


‘Adjust R b for l B 2 and R C f° r 'c 
a| 81 and Iq 2 measured with Tektronix Current 
Probe P6019 and Type 134 Amplifier, or equivalent 
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IB, BASE CURRENT (nA) 1C. COLLECTOR CURRENT (nA) hpE. DC CURRENT GAIN 


2N621 1, 2N6212, 2N6213 










2N6233 

2N6234 

2N6235 



MOTOROLA 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . useful for high-voltage medium power applications such as 
switching regulators. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 225 Vdc - 2N6233 
275 Vdc - 2N6234 
325 Vdc - 2N6235 

• DC Current Gain - hp£ = 25 to 125 - lc = 1 0 Adc 

• Low Collector-Emitter Saturation Voltage 

VcE(sat) = 0 5 Vdc (Max) @ lc = 1.0 Adc 

• High Frequency Response — fj = 20 MHz (Min) 

• Fast Switching Times @1.0 Adc — 

t r = 0.5 /is (Max) 
t s = 3.5 jus (Max) 
tf = 0.5 jus (Max) 


♦MAXIMUM RATINGS 


Rating 

Symbol 

2N6233 

2N6234 

2N6235 

Unit 

Collector-Emitter Voltage 

v CEO 

225 

275 

325 

Vdc 

Collector-Base Voltage 

V CB 

250 

300 

350 

Vdc 

Emitter-Base Voltage 

V EB 

« ■ — _ 

Vdc 

Collector Current — Continuous 

>c 


— 5.0 — 


Adc 

Peak 



— 10 — 



Base Current 

'b 


— 2.0 — 


Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 


— 50 — 


Watts 

Derate above 25°C 



-0.286- 


W/°C 

Operating and Storage Junction 






Temperature Range 

T J' T stg 


65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.5 

°C/W 


•Indicates JEDEC Registered Data. 



5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

225,275,325 VOLTS 
50 WATTS 


1 J 


III 

k 

I 

lr= 

1 


— u 

- A - 


SEATING PLANE 


I 


STYLE 1 
PIN 1. BASE 

-F H 2. EMITTER 

-J — CASE COLLECTOR 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

P 

- 

1 27 

- 

0.050 

a 

3.61 

3.86 

0.142 

0.152 

s 

_ 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO -66 
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2N6233, 2N6234, 2N6235 


'ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

| Characteristic j Symbol | Min | Max | Unit | 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 20 mAdc, l B = 0) 

2N6233 

2N6234 

2N6235 

v CEO(sus) 

225 

275 

325 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 225, l B = 0) 

2N6233 


- 

1.0 


(V C E = 275, l B = 0) 

2N6234 


- 

1.0 


(V CE = 325, l B = 0) 

2N6235 



1.0 


Collector Cutoff Current 


*CEX 



mAdc 

(Vce ~ 250 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N6233 


- 

1.0 


T c = 150°C) 






(Vce = 300 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N6234 


- 

1.0 


T C = 150°C) 






(V C E = 350 Vdc, V EB(off ) = 1.5 Vdc, 

2N6235 


- 

1.0 


T c = 1 50°C) 






Collector Cutoff Current 


'CBO 



mAdc 

(V C b = 250 Vdc, l E = 0) 

2N6233 


- 

0.1 


(V CB = 300 Vdc, l E = 0) 

2N6234 


- 

0.1 


( V C b = 350 Vdc, l E = 0) 

2N6235 


- 

0.1 


Emitter Cutoff Current 


'EBO 



mAdc 

(V BE = 6.0 Vdc, l c = 0) 



- 

0.1 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 0 1 Adc, V C e = 5 0 Vdc) 

(l c = 1.0 Adc, V C E = 5.0 Vdc) 

(I C = 3.0 Adc, V CE =5.0 Vdc) 

hFE 

25 

25 

10 

125 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 1.0 Adc, l B = 0.1 Adc) 


- 

0.5 


(l c = 5.0 Adc, 1 B = 1.0 Adc) 


- 

2.5 


Base Emitter Saturation Voltage 

v BE(sat) 



Vdc 

<l c = 1.0 Adc, l B = 0 1 Adc) 


- 

1.0 


(l c = 5.0 Adc, l B = 1.0 Adc) 


- 

2.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 1.0 Adc, V CE = 5.0 Vdc) 


- 

1.0 



DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product (2) 

(l c = 0.25 Adc, V CE = 10 Vdc, f test = 10 MHz) 

<T 

20 

- 

MHz 

Output Capacitance 

( V C B = 10 Vdc, 1 E = 0, f = 0.1 MHz) 

C 0 b 

- 

250 

pF 


SWITCHING CHARACTERISTICS 


Rise T ime 

(V CC = 200 Vdc, l C = 1.0 Adc, l B = 0 1 Adc) 


- 

0.5 

MS 

Storage Time 

(Vcc = 200 Vdc, lc = 1 0 Adc, *B1 = • B 2 = 0.1 Adc) 

r s 

- 

3.5 

MS 

Fall Time 

(V c c = 200 Vdc, lc = 1 0 Adc, I B1 = l B2 = 0 1 Adc) 

tf 

- 

0.5 

MS 


* Indicates JE DEC Registered Data 

(1) Pulse Test Pulse Width < 300 /us, Duty Cycle < 2 0% 



FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc = 200 




t r , t r < 10 ns 
DUTY CYCLE = 1.0% 


FOR INFORMATION ON FIGURES 3 and 6 
RB AND Rc ARE VARIED TO OBTAIN 
DESIRED CURRENT LEVELJ, Di DIS- 
CONNECTED AND V2 REDUCED TO 5 
VOLTS FOR t d MEASUREMENT. 


FIGURE 3 - TURN-ON TIME 
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2N6233, 2N6234, 2N6235 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCES 
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MOTOROLA 


2N6249 

2N6250 

2N6251 


HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

. . . designed for high voltage inverters, switching regulators and line 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Voltage Breakdown Rating 

• Low Saturation Voltages 

• Fast Switching Capability 

• High E$/b Energy Handling Capability 


15 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200, 275, 350 VOLTS 
175 WATTS 


MAXIMUM RATINGS 


Rating 


‘Collector-Emitter Voltage 


‘Collector-Emitter Voltage 


‘Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous** 
— Peak 


Base Current — Continuous* 
— Peak 


Emitter Current — Continuous 
— Peak 

Total Power Dissipation @ Tc = 25°C 
@T C = 100°C 

Derate above 25°C* 


‘Operating and Storage Junction 
Temperature Range 


Symbol J 2N6249 I 2N6250J 2N6251I Unit 


v CEO(sus) 


v CER(sus) 


V CB 


V EB 


>C 

•cm 


•b 

•bm 


•e 

'em 


Pd 


T J ,T stg 


-15- 

-30- 


- 10 - 

- 20 - 


- 25- 

- 50- 


-175- 
- 100 - 
- 1.0 - 


Adc 


Watts 

W/°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 

Maximum Lead Temperature for 

Soldering Purposes: 1/8" from Case 
for 5 Seconds 

Tl 

275 

°C 


‘Indicates JEDEC Registered Data. 

“JEDEC Registered Value is 10 A, Motorola Guaranteed Value is 15 A. 


FIGURE 1 - POWER DERATING 









— 









SEC0N 

3 BREA 

KD0W 

RATIN 

M 




§ 

s. 







THE 

1MAL 

S] 








DER7 

VTING" 















K 









V 


V 








N 

v 
























40 80 120 160 

TC, CASE TEMPERATURE <°C) 



i 



r 



r‘ 

u 

i f 1 l 

t 

1 

1 

i 

[ 

r; 

<yq 

- — D 

1 

K 

1 


PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 



NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2 Hr! IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

| ♦ 1 1.13 (0.005)© | T 1 V© 1 

FOR LEADS: 

[ + | 0.13 (0.005) © T | V@ | Q©| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 
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2N6249, 2N6250, 2N6251 


1.3 


*ELECTRICAL CHARACTERISTICS (T c = 2S°C unless otherwise noted.) 

, Characteristic 1 Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(l C = 200 mA, l B = 0) 2N6249 

2N6250 

2N6251 

v CEO(sus) 

200 

275 

350 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1) 

VcER(sus) 



Vdc 

(IC = 200 mA) 2N6249 


225 

- 


2N6250 


300 

- 


2N6251 


375 

- 


Collector Cutoff Current 

>CEV 



mAdc 

(V C e = Rated VqeR. VBE(off) = 15 Vdc) 


- 

5.0 


(V C E = Rated V CER , V BE (off) = 1 -5 Vdc, T c = 125°C) 


- 

10 


Collector Cutoff Current 

'CEO 



mAdc 

(V CE = 150 Vdc, l B = 0) 2N6249 


- 

5.0 


(V CE = 225 Vdc, l B = 0) 2N6250 


- 

5.0 


(V C E = 300 Vdc, l B = 0) 2N6251 


j 

5.0 


Emitter Cutoff Current 

'EBO 


1.0 

mAdc 

(V EB = 6.0 Vdc, l c = 0) 

J 

i 




SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward (Vq E = 30 V) 
biased t = 1 .0 s (non-repetitive)' (Vq E = 100 V) 

>S/b 

5.8 

0.3 

- 

Vdc 

Second Breakdown Energy with base reverse biased (T able 1 ) 

(l C = 10 A, V BE ( off ) = 4.0 Vdc, L = 50 mH) 

E S/b 

2.5 

- 

mJ 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 10 Adc, V CE = 3.0 Vdc) 

2N6249 

2N6250 

2N6251 

hFE 

10 

8.0 

6.0 

50 

50 

50 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(l c = 10 Adc, l B = 1.0 Adc) 

2N6249 


- 

1.5 


(l c = 10 Adc, l B = 1.25 Adc) 

2N6250 


- 

1.5 


(l c = 10 Adc, l B = 1.67 Adc) 

2N6251 


- 

1.5 


Base-Emitter Saturation Voltage 


v BE(sat) | 



Vdc 

(l c = 10 Adc, l B = 1.0 Adc) 

2N6249 

i 

— 

2.5 


(l c = 10 Adc, l B = 1.25 Adc) 

2N6250 

i 

- 

2.5 


(l c = 10 Adc, l B = 1.67 Adc) 

2N6251 


- 

2.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

IT 

2.5 

- 

MHz 

(l C = 1.0 Adc, V C E = 10 Vdc, f test = 1.0 MHz) 






SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Rise Time 

( V CC = 200 Vdc, l c = 1 0 A, Duty 

Cycle < 2.0%, t p = 100 ms) 

( 1 B 1 = 1 B2 = 1.0 Adc) 2N6249 
(1 B1 = 1 B2 = 1-25 Adc) 2N6250 

Obi = 'B2 = 1 -67 Adc) 2N6251 

t r 

- 

2.0 

MS 

Storage Time 

is 


3.5 

MS 

Fall Time 



tf 

- 

1.0 

MS 


* Indicates JEDEC Registered Data. 

(1) Measured on a curve tracer (60 Hz full-wave rectified sine wave). 
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2N6249, 2N6250, 2N6251 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 2 - THERMAL RESPONSE 



FIGURE 3 - ACTIVE-REGION SAFE 
OPERATING AREA 
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0.05 
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= 
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- 
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1 2N6251 1 1 ! -1 




5.0 7.0 10 20 30 50 70 100 200 300 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tq = 25°C, Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1. 

T j( p k) may be calculated from the data in Figure 2. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 
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2N6274 

thru 

2N6277 



MOTOROLA 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifer and 
switching circuit applications. 

• High Collector Emitter Sustaining Voltage — 

VCEO(sus) = 100 Vdc (Min) - 2N6274 
= 120 Vdc (Min) - 2N6275 
= 140 Vdc (Min) - 2N6276 
= 150 Vdc (Min) - 2N6277 

• High DC Current Gain — 

hFE = 30-120 @lc = 20 Adc 

= 10 (Min) @ Iq = 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = TO Vdc (Max) @ \q = 20 Adc 

• Fast Switching Times @ Iq = 20 Adc 

t r = 0.35 /is (Max) 
t s = 0.8 /is (Max 
tf = 0.25 /is (Max) 

• Complement to 2N6377-79 

“MAXIMUM RATINGS 


Rating 

Collector-Base Voltage 


Symbol 


2N6274 2N6275 

120 140 


2N6276 2N6277 

160 180 


Unit 

Vdc 


50 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

100, 120, 140, 150 VOLTS 
250 WATTS 



Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


V CE Q 


V EB . 


PD 


Tj,T s tg 


- 50 - 

- 100 - 


-250- 
- 1.43- 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

0.7 

°C/W 


•Indicates JE DEC Registered Data. 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

-0225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 i 

0.980 

1.050 
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2N6274 thru 2N6277 


*ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage I') 
(1C = 50 mAdc, l B = 0) 


Collector Cutoff Current 
(V CE = 50 Vdc, I B = 0) 

(V CE = 60 Vdc, l B = 0) 

(V C E = 70 Vdc, l B = 0) 

(V CE = 75 Vdc, l B = 0) 

Collector Cutoff Current 

(Vce = Rated Vcb, v EB(off) = 1 5 Vdc > 

(V CE = Rated V CB , V EB ( off ) = 1.5 Vdc, T c = 150°C) 
Emitter Cutoff Current 
(V BE = 6 0 Vdc, l c = 0) 

ON CHARACTERISTICS (D 

DC Current Gain 

<I C = 1 0 Adc, V CE = 40 Vdc) 

(1C = 20 Adc, V CE = 4.0 Vdc) 

(Iq = 50 Adc, Vq£ = 4 0 Vdc) 

Collector-Emitter Saturation Voltage 
(l C ^ 20 Adc, l B = 2.0 Adc) 

(lc = 50 Adc, l B = 10 Adc) 

Base-Emitter Saturation Voltage 
(l C 20 Adc, l B = 2.0 Adc) 

(lc - 50 Adc, l B = 10 Adc) 

Base-Emitter On Voltage 
(1C = 20 Adc, V C E = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product (2) 

dc = 1 o Adc, Vce = 10 Vdc, f tes t = 10 MHz) 

Output Capacitance 

(V C b = 10 Vdc, lE = °. f = 0 1 MHz > 

SWITCHING CHARACTERISTICS 

R ise T ime 

(V C c = 80 Vdc, l c = 20 Adc, I B1 = 2 0 Adc, V BE ( off ) = 5.( 
Storage T ime 

(Vce = 80 Vdc, lc - 20 Adc, l B -j = l B 2 =20 Adc) 

Fall Time 

(V C C = 80 Vdc, l c = 20 Adc, I B1 = l B2 = 2 0 Adc) 

* Indicates JEDEC Registered Data 

(1 > Pulse Test Pulse Width < 300 /us, Duty Cycle <2.0%. 

(2) f-r = Ihfo I • f tact. 




FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


o — h- 


t r , tf < 10 ns 
Duty Cycle = 0.5% 



-td @ VBE(off) = 5 0 V- 

— f— I 1 1 — 




_IC/»B = 10 
— Tj = 25°C 


Note: For information on Figures 3 and G, Rb and Rq were 
varied to obtain desired test conditions. 




0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

1C, COLLECTOR CURRENT (AMP) 









2N6274 thru 2N6277 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5- ACTIVE REGION SAFE OPERATING AREA 




0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 

1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 7 - CAPACITANCE 
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0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

1C, COLLECTOR CURRENT (AMP) 1C, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION FIGURE 13 - BASE CUT-OFF REGION 










2N6282 thru 2N6284 NPN 
2N6285 thru 2N6287 PNP 



MOTOROLA 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-frequency switching 
applications. 

• High DC Current Gain @ Iq = 10 Adc - 

h FE = 2400 (Typ) - 2N6282, 2N6283, 2N6284 
= 4000 (Typ) - 2N6285, 2N6286, 2N6287 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 60 Vdc (Min) - 2N6282, 2N6285 
= 80 Vdc (Min) - 2N6283, 2N6286 
= 100 Vdc (Min) - 2N6284, 2N6287 

• Monolithic Construction with Built-In Base-Emitter Shunt 

Resistors 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N6282 

2N6285 

2N6283 

2N6286 

2N6284 

2N6287 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

•c 

20 

40 

Adc 

Base Current 

>B 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

160 

0.915 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +200 

°C 


"THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.09 

°C/W 


* Indicates JEDEC Registered Data. 



DARLINGTON 
20 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60,80, 100 VOLTS 
160 WATTS 




A ' 

r B ~i 

r' 

jJ 

r 1 

It 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES | | 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

- 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 ! 

0 

0.97 

1.09 

0.038 

0.043 1 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 : 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

_ 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED T0-3 OUTLINE SHALL APPLY. 
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2M6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 


^ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

























2N6282, 2N6283, 2N6284 NPN 
2N6285, 2N6286, 2N6287 PNP 


FIGURE 4 - THERMAL RESPONSE 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 


t, TIME (ms) 

ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 5 - 2N6282. 2N6285 FIGURE 6 - 2N6283, 2N6286 FIGURE 7 - 2N6284, 2N6287 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a transistor, average junction temperature and second breakdown. Safe 
operating area curves indicate Iq — limits of the transistor that must be observed for reliable operation, i.e. the transistor must not 

be subjected to greater dissipation than the curves indicate. 

The data of Figures 5, 6and 7 is based on Tj(pj<) = 200°C; Tq is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) <C 200°C. T j ( pj^) may be calculated from the data in Figure 4. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less than the limitations imposed by second breakdown. 


FIGURE 8 - SMALL SIGNAL CURRENTGAIN FIGURE 9 - CAPACITANCE 



1.0 2.0 5.0 10 20 50 100 200 500 1000 0.1 0.2 0 5 1.0 2.0 5.0 10 20 50 100 


f, FREQUENCY (kHz) Vr. REVERSE VOLTAGE (VOLTS) 
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2N6282, 2N6283, 2N6284 NPN, 
2N6285, 2N6286, 2N6287 PNP 





Ic, COLLECTOR CURRENT (mA) By .TEMPERATURE COEFFICIENTS (mV/°C) 


2N6282, 2N6283, 2N6284 NPN, 
2N6285, 2N6286, 2N6287 PNP 


NPN 

2N6282, 2N6283, 2N6284 


PNP 

2N6285, 2N6286, 2N6287 





— i — rnr-r 
‘APPLIES 




































*0Vc for 

i i 

VCE(sat) 
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ITT 



0V b for 

^BE 




T 




FIGURE 13-TEMPERATURE COEFFICIENTS 

+5.0 | — i— I 1 — r—TT 


25°C to 150°C> 

H 1 — I — I (— 

-55 °C to +25°C J 







0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 


l 1 





— 

— 

... T 

j= 150°C — 


— ioo°c — 


1 

REVERSE =i4 : 



L .. , .. 


— 25°C 


1 


FIGURE 14 - COLLECTOR CUTOFF REGION 

r ~» j r- r - ■. I IQ 3 , n , 


- Vce = 30 V - 

=£=E 

Tj = 150°C — 


< 10 2 = 

3 — Tj = 150°C 

| 101 -- --U— 

=> 

g 1 0 0 = 100°C 


> ^REVERSE : 
10" 2 1 25°C - 


-0.6 -0.4 -0.2 0 +0.2 +0.4 +0.6 +0.8 +1.0 +1.2 +1.4 I +0.6 +0.4 +0.2 0 -0.2 -0.4 -0.6 -0.8 -1.0 


VbE, BASE-EMITTER VOLTAGE (VOLTS) 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 15 - DARLINGTON SCHEMATIC 



PNP 

2N6285 

2N6286 r 

7N6287 ! 






2N6294, 2N6295 NPN 
2N6296, 2N6297 PNP 



MOTOROLA 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier, low-frequency switching 
and hammer driver applications. 

• High DC Current Gain — 

h F E = 3000 (Typ) @I C =2.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 2.0 Vdc (Max) @ l C = 2.0 Adc 

• Collector-Emitter Sustaining Voltage 

VCEO(sus) = 60 Vdc (Min) - 2N6294, 2N6296 
= 80 Vdc (Min) - 2N6295, 2N6297 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


* MAXIMUM RATINGS 


Rating 

Symbol 

2N6294 

2N6296 

2N6295 

2N6297 

Unit 

Collector-Emitter Voltage 

VcEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

'c 

o o 
00 

Adc 

Base Current 

>B 

80 

mAdc 

Total Device Dissipation @Tq = 25°C 
Derate above 25°C 

p D 

50 

0.286 

Watts 

W/°C 

Operating and Storage Junction, 
Temperature Range 

T J' T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.5 

°C/W 


♦Indicates JEDEC Registered Data 



4 AMPERES 
DARLINGTON 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60, 80 VOLTS 
50 WATTS 



u 1 


A 



STYLE 1: 

PIN 1. BASE 

-F H 2. EMITTER 

b — J-H CASE: COLLECTOR 



S 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

B 

11.94 

12.70 

0.470 

0.500 

C 

6.35 

8.64 

0.250 

0.340 

D 

0.71 

0.86 

0.028 

0.034 

E 

1.27 

1.91 

0.050 

0.075 

F 

24.33 

24.43 

0.958 

0.962 

G 

4.83 

5.33 

0.190 

0.210 

H 

2.41 

2.67 

0.095 

0.105 

J 

14.48 

14.99 

0.570 

0.590 

K 

9.14 

- 

0.360 

- 

~~ P -1 

- 

1.27 

- 

0.050 

Q 

3.61 

3.86 

0.142 

0.152 

S 

- 

8.89 

- 

0.350 

T 

- 

3.68 

- 

0.145 

U 

- 

15.75 

- 

0.620 


All JEDEC Dimensions and and Notes Apply. 


CASE 80-02 
TO-66 





2N6294, 2N6295 IMPN/2IM6296, 2N6297 PIMP 


*E LECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max [ Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = 50 mAdc, l B =0) 

2N6294, 2N6296 
2N6295, 2N6297 

v CEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C £ = 30 Vdc, l B =0) 

2N6294, 2N6296 


- 

0.5 


(V CE = 40 Vdc, l B = 0) 

2N6295, 2N6297 


- 

0.5 


Collector Cutoff Current 


'CEX 



mAdc 

(V CE = Rated V CB ,V EB ( of f) = 1.5 Vdc) 

2N6294, 2N6295 


- 

0.5 


(Vqe = Rated Vc B ,V BE ( 0 ff) = 1.5 Vdc) 

2N6296, 2N6297 


- 

0.5 


(Vce = Rated Vc B ,V EB ( 0 ff) = 1.5 Vdc, 

2N6294, 2N6295 


- 

5.0 


T C = 1 50°C) 






(Vce = Rated V CB ,V BE ( off ) = 1.5 Vdc, 

2N6296, 2N6297 


- 

5.0 


T C = 150°C) 






Emitter Cutoff Current 


'EBO 

- 

2.0 

mAdc 

(V BE = 5.0 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gain 

h FE 



_ 

(l C = 2.0 Adc, V CE = 3.0 Vdc) 

750 

18000 


(l c = 4.0Adc, V CE = 3.0 Vdc) 


100 

- 


Collector-Emitter Saturation Voltage 

Vce (sat) 



Vdc 

Oc = 2.0 Adc, l B = 8.0 mAdc) 

- 

2.0 


Oc ~ 4.0 Adc, l B = 40 mAdc) 


- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

_ 

4.0 

Vdc 

Oc = 4.0 Adc, l B = 40 mAdc) 




Base-Emitter On Voltage 

VBE(on) 



Vdc 

0 C = 2.0 Adc, V C E = 3.0 Vdc) 

- 

2.8 



DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small-Signal 

Short-Circuit Forward Current Transfer Ratio 
( 1 C = 1 -5 Adc, V C E = 3.0 Vdc, f = 1 .0 MHz) 

|hf e | 

4.0 

- 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 2N6294, 2N6295 

2N6296, 2N6297 

Cob 

- 

120 

200 

pF 

Small-Signal Current Gain 

( 1 C = 1 -5 Adc. V C E = 3.0 Vdc, f = 1 .0 kHz) 

hfe 

300 

- 

- 


•Indicates JEDEC Registered Data 


FIGURE 2 - SWITCHING TIMES TEST 
CIRCUIT 


Vcc 



DUTY CYCLE = 1.0% 

For NPN test circuit, reverse all polarities. 


FIGURE 3 - SWITCHING TIMES 
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2N6294, 2N6295 NPN/2N6296, 2N6297 PNP 


NPN 

2 N 6294, 2N6295 


PNP 

2N6296, 2N6297 


FIGURE 8 - DC CURRENT GAIN 
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2N6306, 2N6307, 2N6308 



MOTOROLA 


HIGH VOLTAGE NPN SILICON POWER 
TRANSISTORS 

. . . designed for high voltage inverters, switching regulators and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications in associated consumer products. 

• High Collector-Base Voltage — 

V C B = 500 Vdc — 2N6306 
= 600 Vdc - 2N6307 
= 700 Vdc - 2N6308 

• Excellent DC Current Gain @ Iq = 3.0 Adc 

hpE = 15 - 75 - 2N6306, 2N6307 
= 12 -60- 2N6308 

• Low Collector-Emitter Saturation Voltage @ lc = 3.0 Adc 

VcE(sat) = 0-8 Vdc (Max) - 2N6306 
= 1.0 Vdc (Max) -2N6307 
= 1.5 Vdc (Max) - 2N6308 

• Current Gain Bandwidth Product — 

fj = 5.0 MHz (Min) @ Iq = 0.3 Adc 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6306 

2N6307 

2N6308 

Unit 

Collector-Base Voltage 

V CB 

500 

600 

700 

Vdc 

Collector-Emitter Voltage 

v CEO 

250 

300 

350 

Vdc 

Emitter-Base Voltage 

V EB 

— 8.0— 

Vdc 

Collector Current — Continuous 

Peak 

•c 

— 8.0 

16 

Adc 

Base Current 

>B 

4.0 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 

. 125 *r 

0.714 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

— * 65 to +200 ► 

°C 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.4 

°C/W 


"Indicates JE DEC Registered Data. 



8 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-300-350 VOLTS 
125 WATTS 



A 



NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GD IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

[ ft [ 1-13(0.005)® 1 T 1 V© 1 

FOR LEADS: 

1 1 fl. 13 (0.005) ©T 1 V© | Q® | 

4. DIMENSIONS AND TOLERANCES PER 
ANSI V14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 
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2N6306, 2N6307, 2N6308 


‘ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = lOOmAdc, l B = 0) 

2N6306 

2N6307 

2N6308 

VcEO(sus) 

250 

300 

350 

Vdc 

Collector Cutoff Current 


'CEO 

mAdc 

(Vqe = Reted VcEO- 'b = 



0.5 

Collector Cutoff Current 


'CEX 

mAdc 

(V C E = 500 Vdc, V EB(off) = 1.5 Vdc) 

2N6306 

- 

0.5 

(VcE = 500 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

2N6307 

- 

0.5 

(V C E = 700 Vdc, V EB(of f) = 1.5 Vdc) 

2N6308 

- 

0.5 

<V CE = 450 Vdc, V EB ( 0 ff) = 1.5 Vdc, 

2N6306 

- 

2.5 

T C = 150°C) 




(Vqe = 550 Vdc, V EB ( 0 ff) = 1 .5 Vdc, 

2N6307 

- 

2.5 

T C =150°C) 




(V CE = 650 Vdc, V EB ( off ) = 1.5 Vdc, 

2N6308 

- 

2.5 

T C = 150°C) 




Emitter Cutoff Current 


'EBO 

mAdc 

(V BE = 8.0 Vdc, l c = 0) 



1.0 


ON CHARACTERISTICS 


DC Current Gain (1) 


h FE 

_ 

(Iq = 3 0 Adc, V CE = 5.0 Vdc) 

2N6306, 2N6307 

15 

75 


2N6308 

12 

60 

(I C = 80 Adc, V CE = 5.0 Vdc) 

2N6306, 2N6307 

40 

- 


2N6308 

3.0 

- 

Collector-Emitter Saturation Voltage (1) 


v CE(sat) 

Vdc 

(l c = 3.0 Adc, l B = 0.6 Adc) 

2N6306 

- 

0.8 


2N6307 

- 

1.0 


2N6308 

- 

1.5 

dC = 8 0 Adc, l B = 2.0 Adc) 

2N6306, 2N6307 

- 

5.0 

OC = 8.0 Adc, l B = 2 67 Adc) 

2N6308 

- 

5.0 

Base-Emitter Saturation Voltage (1) 


v BE(sat) 

Vdc 

(Iq = 8.0 Adc, l B = 2.0 Adc) 

2N6306, 2N6307 

- 

2.3 

(IC = 8.0 Adc, l B = 2 67 Adc) 

2N6308 

- 

2.5 

Base-Emitter On Voltage (1) 


v BE(on) 

Vdc 

(IC = 3.0 Adc, V C E = 5.0 Vdc) 

2N6306, 2N6307 

- 

1.3 


2N6308 

- 

1.5 

Second Breakdown Energy (Figure 2) 


E s/b 

mJ 

(I C(PK) = 3 0 Adc, L = 40 mH, R BE = 3 k.J2, 

V B B2 =15 Vdc) 

~ 

180 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
(l C = 0 3 Adc, V CE = 10 Vdc, f test * 1 0 MHz) 

*T 

5.0 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0 1 MHz) 

c ob 

_ 

250 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

(V C C = 125 Vdc, I C - 3 0 Adc, l B = 0 6 Adc) 

tr 

. 

0.6 

MS 

Storage Time (3) 

(Vcc = 125 Vdc, lc = 3 0 Adc, l B i = 0 6 Adc, l B2 = 1 5 Adc) 

Pulse Width = 25 (is 

Pulse Width = 5 Ops 

is 

- 

1 6 

08 

MS 

Fall T ime 

(V C c = 125 Vdc, l c = 3 0 Adc, I B1 = 0.6 Adc, l B2 = 1 5 Adc) 

tf 

- 

0.4 

MS 


(1) Pulse Test Pulse Width ^300 ms. Duty Cycle = 2 0% 

(2) # x = | h fe | • f t est 

(3) "On” time is 25 ms t s decreases with shorter pulse widths, being approximately 50% of the values shown at a 5 0 ms pulse width 
* Indicates JE DEC Registered Data 


FIGURE 2 - SECOND BREAKDOWN ENERGY TEST CIRCUIT AND WAVEFORMS 
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Ic, COLLECTOR CURRENT (AMP) 


2N6306, 2N6307, 2N6308 




D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


READ TIME ATI] 


Tj(pk)-Tc = P(pk)0JC(O 



rr^.ii mi' mini i m mini i i rrrrrrrn 

0.02 0.03 0.05 0 1 0.2 0.3 0.5 1 0 2.0 3.0 5.0 . 10 20 30 50 100 200 300 500 1000 2000 

t, TIME (ms) 


- ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc v CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on Tj( p (<) = 200°C; T^ is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^s200°C. Tj( p |<) may be 
calculated from the data in Figure 3. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 5 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 6 - TURN-ON AND TURN-OFF TIMES 



DUTY CYCLE 1% FOR DATA IN FIGURE 6, 

t r , tf < 10 ns RB & RC ARE VARIED TO OBTAIN 

Di - 1N3879 DESIRED TEST CONDITIONS. Di 

COLLECTOR-BASE JUNCTION OMITTED AND V2 REDUCED TO 

5.0 V FOR td and t r MEASUREMENTS 



0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 















Ic, COLLECTOR CURRENT (/lA) V, VOLTAGE (VOLTS) hpE, DC CURRENT GAIN 


2N6306, 2N6307, 2N6308 


FIGURE 7 - DC CURRENT GAIN 



FIGURE 8 - COLLECTOR SATURATION REGION 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

IB, BASE CURRENT (AMP) 



0.1 0.2 0.3 0 5 0.7 1.0 2.0 3.0 5.0 7.0 10 

IC, COLLECTOR CURRENT (AMP) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


IC, COLLECTOR CURRENT (AMP) 




0.5 1.0 2.0 5.0 10 20 50 100 200 500 


Vbe, BASE EMITTER VOLTAGE (VOLTS) 


Vr, REVERSE VOLTAGE (VOLTS) 




NPN 

2N6315 2N6316 
PNP 

2N6317 2N6318 


(M) MOTOROLA 


1.3 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. . . designed for general-purpose power amplifier and switching 
applications. 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = TO Vdc (Max) @ lc = 4.0 Adc 

• Low Leakage Current — IcEX = 0-25 mAdc (Max) 

• Excellent DC Current Gain - hpE = 20 (Min) @ Iq = 2.5 Adc 

• High Current Gain — Bandwidth Product — 

fj = 4.0 MHz @ lc = 0.25 Adc 


♦MAXIMUM RATINGS 



Rating 

Symbol 

2N6315 2N6316 

2N6317 2N6318 

Unit 


Collector-Emitter Voltage 

VCEO 

60 80 

Vdc 


Col lector -Base Voltage 

VCB 

60 80 

Vdc 

1 

Emitter -Base Voltage 

Veb 

5.0 

Vdc 


Collector Current — Continuous 

Peak 

*C 

7.0 

15 

Adc 

1 

Base Current 

>B 

2.0 

Adc 


Total Device Dissipation — Tq = 25°C 

Derate above 25°C 

pd 

90 

0.515 

Watts 

W/°C 


Operating and Storage Junction 

Temperature Range 

Tl* T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 



Indicates JEDEC registered data. Limits and conditions differ on some parameters and re- 
registration reflecting these changes has been requested. All above values meet or exceed 
present JEDEC registered data. 
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NPN 2N6315, 2N6316 
PNP2N6317, 2N6318 


‘ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

~ Characteristic | Symbol [ Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

<l c = lOOmAdc, l B = 0) 

2N631 5.2N631 7 
2N6316,2N6318 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(V CE = 30 Vdc, 1 B = 0) 

2IM6315.2N6317 


- 

0.5 


(Vqe = ^0 Vdc, 1 b = 0) 

2N6316.2N6318 


- 

0.5 


Collector Cutoff Current 


'CEX 



mAdc 

1 V CE = 60 Vdc, V BE (of f) - 1 .5 Vdc) 

2N6315,2N6317 


- 

0.25 


(Vce = 80 Vdc, V BE ( 0 ff) = 1.5 Vdc) 

2N6316,2N6318 


- 

0.25 


(V CE = 60 Vdc V BE ( off ) =1.5 Vdc,T c =150°C) 

2N6315,2N6317 


- 

2.0 


(V CE = 80 Vdc,V BE(off) =1.5 Vdc,T C =150°C) 

2N6316.2N6318 


- 

2.0 


Collector Cutoff Current 


•CBO 



mAdc 

(Vcb = 60 Vdc, l E = 0) 

2N6315,2N6317 


- 

0.25 


(V C b = 80 Vdc, l E = 0) 

2N6316.2N6318 


- 

0.25 


Emitter Cutoff Current 


•ebo 

- 

1.0 

mAdc 

(V EB = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = 0.5 Adc, V CE = 4.0 Vdc) 

h FE 

35 

_ 


UC = 2.5 Adc, V CE = 4.0 Vdc) 


20 

100 


(1C = 7.0 Adc. V CE = 4.0 Vdc) 


4.0 

- 


Collector-Emitter Saturation Voltage (1) 

Oc = 4.0 Adc, l B = 0.4 Adc) 

V CE (sat) 

_ 

1.0 

Vdc 

Uc= 7.0 Adc, Ib = 1.75 Adc) 


- 

2.0 


Base-Emitter Saturation Voltage (1) 

UC = 7.0 Adc, Ib = 1.75 Adc) 

VBE(sat) 

- 

2.5 

Vdc 

Base-Emitter On Voltage (1) 

0c = 2.5 Adc, Vce = 4 0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(l C = 0.25 Adc, V C E = 10 Vdc, f tes t = 1.0 MHz) 

fT 

4.0 

- 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f = 1.0 MHz) 2N6317,2N6318 

2N6315.2N6316 

c ob 

- 

300 

200 

pF 

Small-Signal Current Gain 

OC = 0.5 Adc, Vce = 4.0 Vdc, f = 1.0 kHz) 

h fe 

20 

- 

- 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vce = 30 Vdc, l c = 2.5 Adc, 

1 B 1 = 'B2 = 0.25 Adc) 

tr 

- 

0.7 

MS 

Storage Time 

ts 

- 

1.0 

MS 

Fall Time 

tf 


0.8 

MS 


‘Indicates JEDEC Registered Data. 

( 7 ) Pulse Test: Pulse Width ^ 300 ns. Duty Cycle ^ 2 0%. 


(2) f T = |h fe | • f te st 
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NPN 2N6315, 2N6316 
PNP 2N6317, 2N6318 


FIGURE S - ACTIVE-REGION SAFE OPERATING AREA 


1.3 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 


The data of Figure 5 is based on T j< p k) = 200°C; Tc is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj^) < 200°C . 
Tj(pk) may be calculated from the data in Figure 6. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 



0.01 0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 7001000 


t, TIME (ms) 
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2 N 633 S 

2 N 6341 © motorola 


HIGH-POWER NPN SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector-Emitter Sustaining Voltage - 

VcEO(sus) = 100 Vdc (Min) - 2N6338 
= 120 Vdc (Min) - 2N6339 
= 140 Vdc (Min) - 2N6340 
= 150 Vdc (Min) — 2N6341 

• High DC Current Gain - 

hpE = 30-120 @ l C = 10 Adc 
= 12 (Min) @lc = 25 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1.0 Vdc (Max) @1 c= 10 Adc 

• Fast Switching Times @ lc = 10 Adc 

t r = 0.3 jus (Max) 
t s = 1.0 jus (Max) 
tf = 0.25 ns (Max) 

• Complement to 2N6436— 38 


25 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

100, 120, 140, 150 VOLTS 
200 WATTS 


MAXIMUM RATINGS 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Rating 


Collector Current — Continuous 
Peak 


Base Current 


[Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 2N6338 2N6339 2N6340 2N6341 Unit 


V CB 


v CEO 


V EB 


PD 


TjTstg 


25 

50 


- 200 - 
-1.14- 


Watts 

W/°C 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

°C/W 


Indicates JEDEC Registered Data. 



A - 
- B 



STYLE 1 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 1 | 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

- 

1J5Q- 

B 

_ 

21.08 


0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

"T 1 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

_ 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


CASE 1-04 

NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 

REFERENCED TO-3 OUTLINE SHALL APPLY. I 
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2N6338 thru 2N6341 


*ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

[ Characteristic J 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage ( 1 1 

(Ic = 50 mAdc, l B = 0) 2N6338 


Collector Cutoff Current 
(Vqe = 50 Vdc, 'B = O' 

(V CE = 60 Vdc, l B = 0) 

(V CE = 70 Vdc, l B = 0) 

(V CE = 75 Vdc, I b = 0) 

Collector Cutoff Current 

(Vce = Rated VCEO- VeB(off) * 1-5 Vdc) 

(V C E = Rated V CE0 , V EB(off) = 1.5 Vdc, T C = 150°C) 


(Vqb = Rated Vc B , Ie = 0) 


[ (V BE = 6 0 Vdc, l c = 0) 

ON CHARACTERISTICS (D 

DC Current Gain 

(l C = 0.5 Adc, V CE = 2.0 Vdc) 

(l C = 10 Adc, V CE = 2.0 Vdc) 

(l C = 25 Adc, V CE = 2.0 Vdc) 

Collector-Emitter Saturation Voltage 
(l c = 10 Adc, l B = 1 0 Adc) 

(l c = 25 Adc, l B = 2.5 Adc, 

^Base-Emitter Saturation Voltage 
(l c = 10 Adc, l B = 1.0 Adc) 

(l c = 25 Adc, l B = 2.5 Adc) 

Base-Emitter On Voltage 

(l C = 10 Adc, V CE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain— Bandwidth Product (2) 

(Iq = 1.0 Adc, V CE = 10 Vdc, f test = 10 MHz) 

Output Capacitance 

<V CB = 10 Vdc, l E = 0, f = 0 1 MHz) 

SWITCHING CHARACTERISTICS 

Rise Time 

(Vce w 80 Vdc, l C = 10 Adc, I B1 = 1.0 Adc, V BE(off ) = 6 0 Vdc) 
Storage Time 

<V C C ^ 80 Vdc, lc= 10 Adc, I B1 = l B2 = 1 0 Adc) 


(Vcc^SOVdc, l c = 10 Adc, l B i = l B2 = 1 OAdc) 





FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 




t r , tf < 10 ns | 

Duty Cycle = 1.0% "i" 


Note: For information on Figures 3 and 6, Rfi and Rc were 
varied to obtain desired test conditions. 



0.3 0.5 0.7 1.0 


2.0 3.0 5.0 7.0 10 


IC, COLLECTOR CURRENT (AMP) 





!C, COLLECTOR CURRENT (AMP) 


2N6338 thru 2N6341 
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■BBBBBIB^BHBBBIIIBBBIHB^BHBBIII^K^5^?ggBBHIBIB ■■■■■■■■■■ 


!B8S 

in 

III 

sfesEBsaanniHIUH 

EEE:~^EE™^E:E: 

h* — 0j C = 0.875°C/W Max-) 

—^^^^0.01 - - DUTY CYCLE, D -tl/t2 D CURVES APPLY FOR POWER " ' " 

t— LsiNGLE PULSE 1-4-4- fH 4 -..-L4 :: T=T = 4-H : -B+ - -< -f TT~T : V 1 PULSE TRAIN SHQW T N - r-r-r4-m 

READ TIME AT ti | | | 

| | Tj(pk) -Tc = P(pk)0JC(t) 


0.02 0.03 0.05 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



=Rj = 2Q0°C— 

— BONDING WIRE LIMITED ' f\ V 

— THERMALLY LIMITED @ Tc = 25°C LJV1 
^(SINGLE PULSE) =r=^~ n . . , 

— SECOND BREAKDOWN LIMITED- 2N6338 

^ CURVES APPLY BEL0W : — (-2N6339 

3^RATEOV Cf O , =+=:S? 


5.0 7.0 10 20 30 50 70 100 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE Umits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tjjp^) ^ 200°C. T j < p k ) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN OFF TIME 


FIGURE 7 - CAPACITANCE 
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MOTOROLA 


2N6377 

thru 

2N6379 


HIGH-POWER PNP SILICON TRANSISTORS 

. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Collector Emitter Sustaining Voltage — 

v CEO (sus) = 80 Vdc (Min) “ 2N6377 
= 100 Vdc (Min) -2N6378 
= 120 Vdc (Min) - 2N6379 

• High DC Current Gain — 

hpE = 30-120 @ lc= 20 Adc 
= 10 (Min) @ lc = 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = L0 Vdc (Max) @ lc = 20 Adc 

• Fast Switching Times @ lc = 20 Adc 

t r = 0.35 /us (Max) 
t s = 0.8 /is (Max) 
tf = 0.25 /is (Max) 

• Complement to 2N6274— 77 


50 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

80, 100, 120 VOLTS 
250 WATTS 


h MAXIMUM RATINGS 


Rating 

Symbol 

2N6377 

2N6378 

2N6379 

Unit 

Collector-Base Voltage 


100 

120 

140 

IZ9I 

Collector-Emitter Voltage 

PSiii 

80 

100 


WSHM. 

Emitter-Base Voltage 

_ V_ EB 


HSU 

b.O ► 

Collector Current - Continuous 
Peak 



B 

ml r 


Base Current 

>B 


Adc 


Total Device Dissipation!® 

T C = 25° C 

Derate above 25°C 

Pd 

— 0 ^>50 ^ 

Watts 

W/°C 



Operating and Storage Junction 
Temperature Range 

TjTstg 

— 65 to +200 ► 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

9 JC 

0.7 

°C/W 


•Indicates JE DEC Registered Data. 
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2N6377 thru 2N6379 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


♦OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ^ 

v CEO(sus) 

(l c = 50 mAdc, l B = 0) 

2 N 63 77 


2N637|8 


2 N 6379 


ollector Cutoff Current 


(V CE = 50 Vdc, l B = 0) 

2 N 637)7 

(V C E = 60 Vdc, l B = 0) 

2 N 6378 

(V C e = 70 Vdc, l B = 0) 

2 N 6379 




Emitter Cutoff Current 
(V EB = 6.0 Vdc, l C = 0) 

*ON CHARACTERISTICS <1) 


(Iq =1.0 Adc, Vq B = 4.0 Vdc) 
(l C = 20 Adc, V CE = 4.0 Vdc) 

( I c = 50 Adc, V CE = 4.0 Vdc) 


Collector-Emitter Saturation Voltage 
(l C = 20 Adc, l B = 2.0 Adc) 

(l C = 50 Adc, l B = 10 Adc) 
Base-Emitter Saturation Voltage 
(l C = 20 Adc, l B = 2.0 Adc) 

(l C = 50 Adc, l B = 10 Adc) 


DYNAMIC CHARACTERISTICS 

*Current-Gain — Bandwidth Product (2) 

(l C = 1.0 Adc, V CE = 10 Vdc, f test = 10 MHz) 


utput Capacitance 
(V CB = 10 Vdc, I E = 0, f = 0.1 MHz) 

* SWITCHING CHARACTERISTICS (Figure 2) 
I Rise Time I" "~ 


0 

juAdc 

.0 

mAdc 




*lndicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 300 /us. Duty Cycle = 2.0%. 


(2) fy |hf e | • ftest 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TURN ON TIME 





t r , tf < 10 ns I 

Duty Cycle = 0.5% "=■ 


Note. For information on Figures 3 & 6, Rg and Rc 
were varied to obtain desired test conditions. 


td@VBE(off)~5.0V 
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2N6377 thru 2N6379 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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V CE , COLLECTOR-EMMITER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'Vce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j ( p k ) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j( p k) ^ 200°C. Tjjp^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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FIGURE 7 - CAPACITANCE 
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Ic, COLLECTOR CURRENT (/iA) V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 


2N6377 thru 2N6379 


FIGURE 8 - DC CURRENT GAIN 
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FIGURE 9 - COLLECTOR SATURATION REGION 
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MOTOROLA 


NPN PNP 
2N6383 2N6648 
2N6384 2N6649 
2N6385 2N6650 


COMPLEMENTARY SILICON POWER 
DARLINGTON TRANSISTORS 

. . . monolithic complementary silicon Darlington transistors designed 
for low and medium frequency power applications such as power 
switching, audio amplifiers, hammer drivers, and shunt and series 
regulators. 

• High Gain Darlington Performance 

• True Complementary Specifications 


15 AMPERE PEAK 

COMPLEMENTARY 
SILICON POWER 
DARLINGTON TRANSISTORS 

40-60-80 VOLTS 
100 WATTS 


^MAXIMUM RATINGS 


Rating 


Symbol 


2N6383 

2N6648 


2N6384 

2N6649 


2N6385 

2N6650 


Collector-Emitter Voltage 


v CEO(sus) 


Collector-Emitter Voltage 


V CEX 


Collector-Emitter Voltage 


V C BO 


Emitter Base Voltage 


v EBO 


Collector Current — Continuous 
Peak ( 1 ) * * 


*C 

JCM 


10 

■ 15 ■ 


Base Current — Continuous 


Total Power Dissipation 
s> T c = 25°C (2) 
Derate above 25°C 


PD 


- 100 - 
0.571 


Watts 

W/°C 


Operating and Storage Junction 
Temperature Range (2) 


Tj. T st 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Thermal Resistance, Junction to Case 


JC 


°C/W 


Maximum Lead Temperature for Soldering 
Purposes: 1/32" from Case for 5 Seconds 




°c 


* Indicates JEDEC Registered Data. 

*Not JEDEC Registered. 

(1 ) Pulse Width = 50 ms, Duty Cycle < 10%. 

(2) Exceeds JEDEC Registration for 2N6648, 2N6649, 2N6650. 
JEDEC Registration gives Pq = 70 W, Tj = 150°C. 





r 

< 

C 

r ii 

— n*-: ======= An — | 



1 — 


E SEATING II L 

PLANE 



R 


STYLE 1: 

PIN 1. BASE 
2 EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 


0.830 

nr; 

6 35 

7 62 

0.250 

0.300 

D 

0 99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1 197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5 33 

“5T9~i 

0.210 ! 

0 220 

J 

16.64 

17 15 

0.655 

0.675 

K 

11.18 

12 19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26 67 

- 

1.050 


Collector connected to case 
CASE 11 01 
(TO-3) 
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2N6383, 2N6384, 2N6385, NPN, 2N6648, 2N6649, 2N6650, PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

j Characteristic I Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


♦Collector-Emitter Sustaining Voltage (1) 

(l C = 200 mAdc, l B = 0) 

2N6383, 2 N 6648 
2N6384, 2N6649 
2N6385, 2N6650 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


•CEO 



mAdc 

(Vce = Rated Value) 



- 

1.0 


♦Collector Cutoff Current 


>CEV 



mAdc 

(V C E = Rated V CE0 ( SU s) Value, V BE ( off ) = 

1.5 Vdc) 


- 

0.3 


(V CE = Rated V CE0 ( S us) Value, v BE ( 0 ff) = 

1.5 Vdc, T C = 1 50°C) 


- 

3.0 


♦Emitter Cutoff Current 


>EBO 

- 

10 

mAdc 

(V EB = 5.0 Vdc, l c = 0) 






Collector-Emitter Sustaining Voltage (1 ) 


v CER(sus) 



Vdc 

(R BE = 100 il, l C = 200 mA) 

2N6383, 2 N 6648 


40 

- 



2N6384, 2N6649 


60 

- 



2N6385, 2N6650 


80 

- 


Collector-Emitter Sustaining Voltage (1 ) 


v CEV(sus) 



Vdc 

(V BE (off) = 1-5V, l c = 200 mA) 

2N6383, 2N6648 


40 

- 



2N6384, 2N6649 


60 

- 



2N6385, 2N6650 


80 

Z 



ON CHARACTERISTICS (1) 


*DC Current Gam 

(l C = 5.0 Adc, V CE = 3.0 Vdc) 

(l c = 10 Adc, V CE = 3.0 Vdc) 

hFE 

1000 

100 

20,000 

_ 

♦Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(1C = 5.0 Adc, l B = 0.01 Adc) 


- 

2.0 


(l c = 10 Adc, l B = 0.1 Adc) 


- 

3.0 


♦Base-Emitter On Voltage 

v BE(on) 



Vdc 

(1C = 5.0 Adc, V C E = 3.0 Vdc) 


- 

2.8 


<l c = 10 Adc, V C E = 3.0 Vdc) 


- 

4.5 


Diode Forward Voltage 

V F 

- 

4.0 

Vdc 

(l F = 10 Adc) 






♦DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V CB = 10 Vdc, l E =0, f test = 1.0 MHz) 

Cob 

- 

200 

pF 

♦Magnitude of Common-Emitter Small-Signal Short-Circuit 

Current Transfer Ratio 

(l C = 1.0 Adc, V CE = 5.0 Vdc, f = 1.0 MHz) 

Ihfe 1 

20 



Common Emitter Small-Signal Short-Circuit Forward 

Current Transfer Ratio 

0c = 1.0 Adc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hfe 

1000 




SECOND BREAKDOWN 


Second Breakdown Collector Current with Base-Forward Biased 

'S/B 

See Figures 8 and 9 

Second Breakdown Energy with Base Reverse-Biased 

(L = 12mH, R be = 100 n, V BE ( off ) = 1.5 Vdc, l c = 4.5 Adc) 

E s/b 

120 


mJ 


(1 ) Pulse Test: Pulse Width = 300 n s. Duty Cycle 2%. 
* Indicates JEDEC Registered Data. 
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fAGE (VOLTS) -n h FE , CURRENT GAIN 




COLLECTOR CURRENT (AMPS) 


2N6383, 2N6384, 2N6385, NPN, 2N6648, 2N6649, 2N6650, PNP 


FIGURE 7 - THERMAL RESPONSE 


DUTY CYCLE, 0 = ti/t2 


0jC(t) = r(t) 0JC 
0JC = 1.75°C/W 

D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME AT ti 

Tj(pk)~Tc = P(pk)0JC<t) 


There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Ic^ce limits of 
the transistor that must be observed for reliable operation; 
i.e., the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 8 is based on Tq = 25°C; Tj( p k) is 
variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated 


for temperature. 

Tj(pk) may be calculated from the data in Figure 7. At 
high case temperatures, see Figure 9, thermal limitations will 
reduce the current that can be handled to values less than 
the limitations imposed by second breakdown. Second break- 
down limitations do derate the same as thermal limitations. 
Allowable current at the voltages shown on Figure 8 may be 
found at any case temperature by derating linearly to 200°C. 


FORWARD BIASED SAFE OPERATING AREA 


FIGURE 8 - T C = 25°C 
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SECOND BREAKDOWN 

2 ' LIMITED 

' BONDING WIRE LIMITED" 

t . THERMAL LIMITATION _ 

I AT T c = 25°C - 


- 2N6383, 2N66< 
-2N6384, 2N66^ 
. 2N6385, 2N66! 


FIGURE 9 - T C = 100°C 
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MOTOROLA 


2N6386 

2N6387 

2N6388 


PLASTIC MEDIUM-POWER 
SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

hpE = 2500 (Typ) @ lc = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mAdc 

VcEO(sus) = 40 Vdc (Min) - 2N6386 
= 60 Vdc (Min) - 2N6387 
= 80 Vdc (Min) -2N6388 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ \q = 3.0 Adc - 2N6386 

= 2.0 Vdc (Max) @ l C = 5.0 Adc - 2N6387, 2N6388 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


DARLINGTON 
8 AND 10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

40-60-80 VOLTS 
65 WATTS 


•MAXIMUM RATINGS 


Rating 

Symbol 

2N6386 

2N6387 

2N6388 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 


Vdc 


Collector Current — Continuous 

Peak 

•c 

8.0 

15 

10 

15 

10 

15 

Adc 

Base Current 

»B 


mAdc 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

PD 


Watts 

W/°C 

0.52 ► 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 


Watts 

W/°C 



Operating and Storage Junction, 
Temperature Range 

Tj, T St g 


°C 




THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.92 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°c/w 




N 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


NOTES 

1 DIMENSION H APPLIES TO ALL LEAOS 

2 DIMENSION L APPLIES TO LEADS I 
AND 3 


DIM 

MILLIMETERS 

INC 

4ES 

MIN 

MAX 

MIN 

MAX 

A 

14 60 

15 75 

0 575 

0.620 

B 

9 65 

10.29 

0 380 

0 405 

C 

4 06 

482 

0 160 

0 190 

0 

0 64 

0.89 

0.025 

0 035 

F 

361 

3 73 

0 142 

0 147 

~G^ 

2 41 

2 67 

0 095 

0 105 

“in 

2 79 

3 93 

0 110 

0 155 

j 

0 36 

0.56 

0014 

0.022 

K 

12 70 

1427 

0.500 

0.562 

~n 

1 14 

1 39 

0.045 

0.055 

N 

4.83 

5 33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0 120 

R 

2.04 

2.79 

0.080 

0 110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 
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2N6386 2N6387 2N6388 NPN 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

( Characteristic ( Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

VcEO(sus) 

■H 


Vdc 

<I C = 200 mAdc, l B = 0) 2N6386 



- 


2N6387 


■ 

- 


2N6388 



- 


Collector Cutoff Current 

•CEO 




( V CE = 40 Vdc, 1 B = 0) 2N6386 


_ 



( V CE - 60 Vdc, 1 B = 0) 2N6387 


- 



(V CE = 80 Vdc, l B = 0) 2N6388 


- 



Collector Cutoff Current 

•CEX 



MAdc 

(V C E = 40 Vdc, V EB ( 0 ff) = 1 .5 Vdc) 2N6386 


- 

300 


(V CE = 60 Vdc, V EB ( 0 ff) = 1 .5 Vdc) 2N6387 


- 

300 


(V CE = 80 Vdc, V EB ( 0 ff) = 1 .5 Vdc) 2N6388 


- 

300 


(V CE = 40 Vdc, V EB ( 0 ff) - 1 -5 Vdc, T C = 125°C) 2N6386 


- 

3.0 

mAdc 

(V C E - 60 Vdc, V EB ( 0 ff) “ 1 -5 Vdc, T C = 1 25°C) 2N6387 


- 

3.0 


(V CE = 80 Vdc, V EB ( 0 ff) = 1 -5 Vdc, T c = 1 25°C) 2N6388 


- 

3.0 


Emitter Cutoff Current 

<EBO 


5.0 

mAdc 

(V B e = 5.0 Vdc, l c - 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

<»C - 3.0 Adc, V CE = 3.0 Vdc) 

(1C = 5.0 Adc, V CE = 3.0 Vdc) 

(1C - 8.0 Adc, V C e = 3.0 Vdc) 

(l C = 10 Adc, V C E =3.0 Vdc) 

2N6386 

2N6387, 2N6388 
2N6386 

2N6387, 2N6388 

hpE 

1000 

1000 

100 

100 

20000 

20000 


Col lector- Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(«C “ 3.0 Adc, l B = 0.006 Adc) 

2N6386 


- 

2.0 


(lc * 5.0 Adc, l B = 0.01 Adc) 

2N6387, 2N6388 


- 

2.0 


0c = 8.0 Adc, l B = 0.08 Adc) 

2N6386 


- 

3.0 


(lc = 10 Adc, l B = 0.1 Adc) 

2N6387, 2N6388 


- 

3.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(1C * 3.0 Adc, V C e = 3.0 Vdc) 

2N6386 


— 

2.8 


(1C = 5.0 Adc, V C e = 3.0 Vdc) 

2N6387, 2N6388 


- 

2.8 


(1C = 8.0 Adc. V C e = 3.0 Vdc) 

2N6386 


- 

4.5 


(IC = 10 Adc, V C E = 3.0 Vdc) 

2N6387, 2N6388 


- 

4.5 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(1C * 1 0 Adc, V C E = 5.0 Vdc, f test = 1 .0 MHz) 

1 hf e I 

20 

- 


Output Capacitance 

(V C b = 10 Vdc, l E = 0, f - 1.0 MHz) 

Cob 

- 

200 

PF 

Small-Signal Current Gain 

(1C- 1-0 Adc, Vce = 5.0 Vdc, f = 1.0 kHz) 

hfe 

1000 

- 

- 


* Indicates JEDEC Registered Data 

(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - SWITCHING TIMES 


Vqc 
+30 V 



t r , tf < 10 ns 
DUTY CYCLE = 1.0% 



j.u/ I 1 1 1 1 1 — i — i — i — i — i 1 1 1 1 1 — i — i — l— l-l 

0.1 0.2 0.5 1.0 2.0 5.0 10 


l c , COLLECTOR CURRENT (AMPS) 
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COLLECTOR CURRENT (AMPS) r < 1 ). TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6386 2N6387 2N6388 NPN 


FIGURE 4 - THERMAL RESPONSE 


trui 


OUTY CYCLE, 0 =ti/t2 


0 5 1 0 2.0 5.0 10 

t, TIME (ms) 


Z0JC(t) = r(t) RflJC 
RflJC = 1.92« C/W Max 

D CURVES APPLY FOR 
PULSE TRAIN SHOWN 
READ TIME AT ti 

Tj(pk)-Tc = P(pk)Z0JC(t) 


50 100 200 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 


- 50 ms ■ ■■} ■} y* 
t "1 5 ms - 


0.2 - Tj = 150°C 

" BONDING WIRE LIMITED 

0.1 THERMALLY LIMITED 

j = @ Tq = 100°C 

_ SECOND BREAKDOWN LIMITED 

- CURVES APPLY BELOW RATED V CE0 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate l£ — Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tjjpk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 150°C. T j (pk ) mav *>® 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 




f, FREQUENCY (kHz) 


Vr, REVERSE VOLTAGE (VOLTS) 




Ic, COLLECTOR CURRENT 1/iA) V, VOLTAGE (VOLTS) h F E. DC CURRENT GAIN 


2N6386 2N6387 2N6388 NPN 


FIGURE 8 - DC CURRENT GAIN 
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IC, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 



V BE , BASE EMITTER VOLTAGE (VOLTS) 


0V, TEMPERATURE COEFFICIENT (mV/°C) Vc£, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 - COLLECTOR SATURATION REGION 
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FIGURE 11 - TEMPERATURE COEFFICIENTS 



FIGURE 13 - DARLINGTON SCHEMATIC 

COLLECTOR 



EMITTER 




HIGH-POWER PNP SILICON TRANSISTORS 


. . . designed for use in industrial-military power amplifier and 
switching circuit applications. 

• High Col lector- Emitter Sustaining Voltage — 

VCEO(sus) = 80 Vdc (Min) - 2N6436 
= 100 Vdc (Min) - 2N6437 
= 120 Vdc (Min) - 2N6438 

• High DC Current Gain — 

hFE = 20-80 @ lc = 10 Adc 
= 12 (Min) @ lc = 25 Adc 

• Low Collector-Emitter Saturation Voltage - 

VCE(sat) = 1.0 Vdc (Max) @ l C = 10 Adc 

• Fast Switching Times @ Iq = 10 Adc 

t r = 0.3 (is (Max) 
t s = 1.0 (is (Max) 
tf = 0.25 (is (Max) 

• Complement to NPN 2N6338 thru 2N6341 


^MAXIMUM RATINGS 


Rating 

Symbol 

2N6436 2N6437 2N6438 

Unit 

Collector-Base Voltage 

V CB 

100 120 140 

Vdc 

Collector-Emitter Voltage 

v CEO 

80 100 120 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

Peak 

>C 

25 <► 

50 

Adc 

Base Current 

•b 

10 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

200 

1.14 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

65 to +200 •- 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

— 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.875 

°C/W 


* Indicates JEDEC Registered Data. 



TC, CASE TEMPERATURE (°C) 


25 AMPERE 
POWER TRANSISTORS 
PNP SILICON 

80, 100, 120 VOLTS 
200 WATTS 



! 
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2N6436, 2N6437, 2N6438 


•ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Max J Unit J 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

Oc * 50 mAdc, l B = 0) 

2N6436 

2N6437 

2N6438 

v CEO(sus) 

80 

100 

120 

- 

Vdc 

Collector Cutoff Current 


•CEO 



MAdc 

(V C E = 4 0 Vdc, l B = 0) 

2N6436 


- 

50 


(V CE = 50Vdc, l B = 0) 

2N6437 


- 

50 


(V C E=60Vdc, l B = 0) 

2N6438 


- 

50 


Collector Cutoff Current 


'CEX 



MAdc 

(VcE = 90 Vdc. v BE(off) = -1-5 Vdc) 

2N6436 


- 

10 


(V C E = 110 Vdc, V BE(off , = -1.5 Vdc) 

2N6437 


- 

10 


( Vce = 1 30 Vdc, V BE ( of f ) = -1.5 Vdc) 

2N6438 


- 

10 


(Vce = 80 Vdc, V BE ( 0 ff) = -1.5 Vdc, 

2N6436 


- 

1.0 

mAdc 

T c = 150°C) 






(v C e = ioo vdc, v BE ( 0f f ) = -1.5 vdc. 

2N6437 


- 

1.0 


T C = 1 50°C) 

1 





(Vce = 120 Vdc, V BE ( of f) = -1.5 Vdc, 

2N6438 


- 

1.0 


T C = 1 50°C ) 






Collector Cutoff Current 


'CBO 



MAdc 

(V CB = 100 Vdc, l E = 0) 

2N6436 


- 

10 


(V CB = 120 Vdc, l E = 0) 

2N6437 


- 

10 


<V CB = 140 Vdc, l E =0) 

2N6438 

1 

- 

10 


Emitter Cutoff Current 


•ebo 

- 

100 

MAdc 

( V EB = 6.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l c = 0.5 Adc, V CE = 2.0 Vdc) 

(l c = 10 Adc, V CE = 2.0 Vdc) 

(l c = 25 Adc, V CE = 2.0 Vdc) 

h FE 

30 

20 

12 

80 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

0c = 10 Adc, l B = 1.0 Adc) 


- 

1.0 


OC = 25 Adc, l B = 2.5 Adc) 


- 

1.8 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 



Vdc 

OC = 10 Adc, l B = 1.0 Adc) 


- 

1.8 


0 C - 25 Adc, l B = 2.5 Adc) 


- 

2.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 1 0 Adc, V CE = 10 Vdc, f test = 10 MHz) 

fT 

40 

- 

MHz 

Output Capacitance 
(Vce = 10 Vdc, l E = 0. f = 100 kHz) 

Cob 


700 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vcc = 80 Vdc, lc = 10 A, V BE ( 0 ff) = 6.0 Vdc, l B i = 1.0 Adc) 

t r 

- 

0.3 

MS 

Storage 

(V C C = 80 Vdc, l C = 10 A, V BE ( off ) = 6.0 Vdc, l B i = l B2 = 1 0 Adc) 

ts 

- 

1.0 

MS 

Fall Time 

(Vcc = 80 Vdc, lc = 10 A.VBE(off) = 6.0 Vdc, l B 1 — *B2 = 10 Adc) 

tf 


0.25 

MS 


'Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width ^300 /us; Duty Cycle <2.0%. 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


Vcc 



Note: For information on Figures 3 and 6, Rfi and Rq were 
varied to obtain desired test conditions. 
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2N6436, 2N6437 f 2N6438 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



3.0 5.0 7.0 10 20 30 50 70 100 200 

VcE' COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j( p |<) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 200°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 



0 031 1— 1-1J-U-I I I I L -Ll-L.il J I 1 1 

0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 7 - CAPACITANCE 
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2N6486 2N6487 2N6488 npn 
„ 2N6489 2N6490 2N6491 pnp 

MOTOROLA 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 15 Amperes 

h F E = 20-150 @ l C = 5.0 Adc 
= 5.0 (Min) @ l C = 15 Adc 

• Collector-Emitter Sustaining Voltage — 

V C EO ( S us) = 40 Vdc (Min) - 2N6486, 2N6489 
= 60 Vdc (Min) - 2N6487, 2N6490 
= 80 Vdc (Min) - 2N6488, 2N6491 

• High Current Gain — Bandwidth Product 

fy = 5.0 MHz (Min) @ l C = 1 .0 Adc 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


"MAXIMUM RATINGS 


Rating 

Symbol 

2N6486 

2N6489 

2N6487 

2N6490 

2N6488 

2N6491 

Unit 

Collector-Emitter Voltage 

VCEO 

40 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

50 

70 

90 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

15 ► 

Adc 

Base Current 

•b 

5.0 ► 

Adc 

Total Power Dissipation 
@ T C = 25°C 

Derate above 25°C 

Pd 

75 ► 

Watts 

W/°C 


Total Power Dissipation 
@ T A = 25°C 

Derate above 25°C 

Pd 

1.8 ► 

0.014 ► 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

65 to +150 ► 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.67 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0 JA 

70 

°c/w 


‘Indicates JEDEC Registered Data 



0 20 40 60 80 100 120 140 160 

Tq, CASE TEMPERATURE (°C) 


15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-60-80 VOLTS 
75 WATTS 




STYLE 1 

PIN 1. BASE NOTES 

2 COLLECTOR 1 DIMENSION H APPLIES TO ALL LEADS 

3 EMITTER 2 DIMENSION L APPLIES TO LEADS 1 

4 COLLECTOR AND 3 


DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

14 60 

15 75 

0 575 

0 620 

B 

9 65 

1029 

0.380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

~G~ 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

r T022“ 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3,04 

0.100 

0 120 

R 

2 04 

2 79 

0.080 

0110 

S 

1.14 

1 39 

0.045 

0.055 

T 

5.97 

6 48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 


1-301 






2N6486 2N6487 2N6488 NPN 
2N6489 2N6490 2N6491 PNP 


*ELECTRICAL CHARACTERISTICS (T G = 25°C unless otherwise noted.) 

| Characteristic | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS ” ~ 


Collector-Emitter Sustaining Voltage (1 ) 

OC = 200 mAdc, l B = 0) 

2N6486, 2N6489 
2N6487, 2N6490 
2N6488, 2N6491 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector-Emitter Sustaining Voltage (1 ) 


V CEX 



Vdc 

OC = 200 mAdc, V BE = 1 .5 Vdc) 

2N6486, 2N6489 


50 

- 



2N6487, 2N6490 


70 

- 



2N6488, 2N6491 


90 

- 


Collector Cutoff Current 


*CEO 



mAdc 

(V CE = 20 Vdc, l B = 0) 

2N6486, 2N6489 


- 

1.0 


(V C E = 30 Vdc, I b = 0) 

2N6487, 2N6490 


- 

1.0 


(V ce = 40 Vdc, l B =0) 

2N6488, 2N6491 


- 

1.0 


Collector Cutoff Current 


*CEX 



juAdc 

(V CE = 45 Vdc, V EB ( off ) = 1 .5 Vdc) 

2N6486, 2N6489 


- 

500 


(V CE = 65 Vdc. V EB ( off) = 1 .5 Vdc) 

2N6487, 2N6490 


- 

500 


(V CE = 85 Vdc, V EB ( 0 ff) = 1 .5 Vdc) 

2N6488, 2N6491 


- 

500 


(V GE = 40 Vdc, V EB ( 0ff ) = 1 .5 Vdc, T c = 

1 50°C) 2N6486, 2N6489 


- 

5.0 

mAdc 

(V CE = 60 Vdc, V EB ( 0 ff) = 1 .5 Vdc, T G = 

1 50°C) 2N6487, 2N6490 


- 

5.0 


(Vce = 80 Vdc, V EB ( 0 ff) = 1 .5 Vdc, Tq = 

1 50°C) 2N6488, 2N6491 


- 

5.0 


Emitter Cutoff Current 


'EBO 

- 

1.0 

mAdc 

(V BE = 5.0 Vdc, I C = 0) 







ON CHARACTERISTICS 


DC Current Gain 

(IC = 5.0 Adc, V C E =4.0 Vdc) 
dc = 15 Adc, V CE = 4.0 Vdc) 

h FE 

20 

5.0 

150 

_ 

Collector-Emitter Saturation Voltage 

Vce (sat) 



Vdc 

(Iq = 5.0 Adc, l B = 0.5 Adc) 


- 

1.3 


(IC = 15 Adc, l B = 5.0 Adc) 


_ 

3.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 5.0 Adc, V CE =4.0 Vdc) 


- 

1.3 


(l G = 15 Adc, Vce = 4 -0 Vdc) 


- 

3.5 



DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(lc = 1 .0 Adc, Vce = 4 -0 Vdc, f t est = 1 -0 MHz) 


5.0 

- 

MHz 

Small-Signal Current Gain 

(lC = 1 .0 Adc, V C E = 4.0 Vdc, f = 1 .0 kHz) 

hfe 

25 

- 

_ 


indicates JEDEC Registered Data. 

(1 )Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 
(2)fj = |hf e | • ftest- 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



t r , tf < 10 ns 
Duty Cycle = 1.0% 


V CC 
+30 V 



Rg and Rq varied to obtain desired current levels. 
For PNP reverse all polarities. 


D1 must be fast recovery type, e.g. ; 
MBD5300 used above lg « 100 mA 
MSD6100 used below lg » 100 mA 
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2N6486 

2N6487 

2N6488 

NPN 

2 l\l 6489 

2N6490 

2N6491 

PIMP 

FIGURE 4 - THERMAL RESPONSE 


SSS^Sii 


tn_n 


DUTY CYCLE. 0 = ti/t2 


READ TIME AT tj 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^cE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tjjp^j = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j (pk) ^ 150°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - TURN-OFF TIME 


ESI 


FIGURE 7 - CAPACITANCES 


l C , COLLECTOR CURRENT (AMP) 


V Rr REVERSE VOLTAGE (VOLTS) 









'• vol TAGE (VOLTS) VcE COLLECTOR-EMITTER VOLTAGE (VOLTS) hFE ' DC CURRENT GA ^ N 


2N6486 2N6487 2N6488 NPN 
2N6489 2N6490 2N6491 PNP 


NPN 

2N6486, 2N6487, 2N6488 


PNP 

2N6489, 2N6490, 2N6491 



0.5 1.0 2.0 5.0 

l C , COLLECTOR CURRENT (AMP) 



FIGURE 9 -COLLECTOR SATURATION REGION 




10 20 50 100 200 500 1000 2000 

IB, BASE CURRENT (mA) 


FIGURE 10 - “ON" VOLTAGES 


Tj = 25°C 












(M) MOTOROLA 


2N6497 

2N6498 

2N6499 


HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 


• • • designed for high voltage inverters, switching regulators and line- 
operated amplifier applications. Especially well suited for switching 
power supply applications. 

• High Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 250 Vdc (Min) - 2N6497 
= 300 Vdc (Min) - 2N6498 
= 350 Vdc (Min) - 2N6499 


• Excellent DC Current Gain - 

hpE = 10 — 75 @ lc = 2.5 Adc 

• Low Collector- Emitter Saturation Voltage @ Iq = 2.5 Adc — 

VCE(sat) = 1-0 Vdc (Max) - 2N6497 
= 1.25 Vdc (Max) - 2N6498 
= 1.5 Vdc (Max) - 2N6499 


♦MAXIMUM RATINGS 

Rating 

Symbol 

2N6497 

2N6498 

2N6499 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

300 

350 

Vdc 

Collector-Base Voltage 

< 

o 

CD 

350 

400 

450 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

^ 6.0 — ► 

Vdc 

Collector Current — Continuous 

— Peak 

<C 

o o 
to *- 

Adc 

Base Current 

•b 

2.0 ► 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

80 

0.64 ► 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J ,T $tg 

65 to +150 ► 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.56 

o 

o 

§ 

’Indicates JEDEC Registered Data. 





5 AMPERE 

POWER TRANSISTORS 

NPN SILICON 

250, 300, 350 VOLTS 
80 WATTS 




STYLE 1 

PIN 1 BASE 


2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


DIM 

miMWiiM 

INCHES 

■ 'll ■ 


EES 

MTTSm 

A 

itMl 

■Uti 

ii wl.t 

ItIMl 

B 

in 

iiiHi 

wmm 

itim 

C 

esei 

pa 

lilTTil 

OE51 

D 

BEl 

gun 

■lllpj-* 

iiTim 

F 

iiil.H 

m 

mvi 

CBM 

mm 

am 

gin 

■’li’tL-L-E 

■link* 

mm 

msEM 


t: fiBa 

HB3 

mm 

MEM 

■iBi 

idilltl 

■non 

mm 

hMHil 

mm 

NiHitil 


mm 

MEM 

ua 


PjBl 

H 

4.83 

5.33 

0.190 

0.210 

Q 

2 54 

3.04 

0.100 

ItlMi 

R 

2.04 

2.79 

0.080 

0.110 

S 

1 14 

1.39 

0.045 

0.055 

MM 


648 

0.235 

0.255 

\mm 


1.27 

0.000 


V 



UMiEM 

■BE 

z 

- 

■hi 

- 

M 


CASE 221A-02 
TO-220AB 
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2N6497, 2N6498, 2N6499 


♦ELECTRICAL CHARACTERISTICS 1T C - 25°C unless otherwise noted.) ^ 

I Characteristic { Symbol j Min | Typ | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 25 mAdc, l B = 0) 

— 

2N6497 

2N6498 

2N6499 

v CEO(sus) 


- 

- 

Vdc 

Collector Cutoff Current 



<CEX 




mAdc 

(V CE = 350Vdc. V BE (off) = 

1.5 Vdc) 

2N6497 


- 

- 

1.0 


(Vc E = 400 Vdc, V BE ( of f) = 

1.5 Vdc) 

2N6498 


- 

- 

1.0 


(V CE = 450 Vdc, V BE ( off ) = 

1.5 Vdc) 

2N6499 


- 

- 

1.0 


(V CE = 175 Vdc, V BE ( 0 f f ) = 

1.5 Vdc, T C = 100°C) 

2N6497 


- 

- 

10 


<Vc E = 200 Vdc, V BE ( 0 ff) = 

1.5 Vdc,T c = 100°C) 

2N6498 


- 

- 

10 


<V CE = 225 Vdc, V BE ( off ) = 

1.5 Vdc, T c = 100°C) 

2N6499 


- 

- 

10 


Emitter Cutoff Current 



*EBO 

- 

- 

1.0 

mAdc 

<V BE = 6.0Vdc, l C = 0) 









ON CHARACTERISTICS (1) 


DC Current Gain 

(lC = 2.5 Adc. V CE = 10 Vdc) 

(lC = 5.0 Adc, V CE = 10 Vdc) 

h FE 

10 

3.0 

m 

75 

BB 

Collector-Emitter Saturation Voltage 


v CE(sat) 

mmm 




(lC = 2.5 Adc, l B = 500 mAdc) 

2N6497 


u 





2N6498 



■ 




2N6499 


B" 1 1 

■ 



(I C = 5.0 Adc. I B = 2.0 Adc) 

All Devices 


IHH 

BBH 



Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

(l C = 2.5 Adc, l B = 500 mAdc) 




- 

1.5 


(l C = 5.0 Adc, l B = 2.0 Adc) 




- 

2.5 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

He = 250 mAdc, V CE = 10 Vdc, f * 1.0 MHz) 

*T 

5.0 

- 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0,f = 100 kHz) 

C 0 b 

" 


150 

pF 


SWITCHING CHARACTERISTICS 


Rise Time 

(Vqc = 125 Vdc. I C = 2.5 Adc, I B1 = 0.5 Adc) 

tr 

- 

0.4 

1.0 

MS 

Storage Time 

(Vcc = 125 Vdc, l c * 2.5 Adc, V BE = 5.0 Vdc, > B 1 = » B 2 = 0 5 Adc) 

t S 

" 

1.4 

2.5 

MS 

Fall Time 

(V cc = 125 Vdc, I C = 2.5 Adc, I B1 = l B 2= 0.5 Adc) 

tf 

1 


0.45 

1.0 

MS 


'Indicates JED EC Registered Data. 

(1) Pulse Test: Pulse Width <300 /us. Duty Cycle <2.0%. 


FIGURE 1 - SWITCHING TIME TEST CIRCUIT 


VCC 
+125 V 


:n__ 


+11 V 
0 


t r , tfSlIOns 
DUTY CYCLE = 1.0% 



R0 and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


D] MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib =100 mA 
MSD6100 USED BELOW Ifl =100 mA 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 

1C. COLLECTOR CURRENT (AMP) 
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2N6497, 2N6498, 2N6499 


FIGURE 3 - THERMAL RESPONSE 



FIGURE 4 - ACTIVE-REGION SAFE OPERATING AREA 



FIGURE 5 - TURN-OFF TIME 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 4 is based on Tq = 25°C; Tj(p|<) is 
variable depending on power level. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj(p|t) ^1 50°C. Tj( p |<) 
may be calculated from the data in Figure 3. At high case temp- 
eratures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. Second breakdown limitations do not derate the same 
as thermal limitations. Allowable current at the voltages shown 
on Figure 4 may be found at any case temperature by using the 
appropriate curve on Figure 6. 



Tc, CASE TEMPERATURE (°C) 
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MOTOROLA 


Designers Data Sheot 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

These devices are designed for high-voltage, high-speed, power switch- 
ing inductive circuits where fall time is critical. They are particularly 
suited for 115 and 220 volt line operated SWITCHMODE applica- 
tions such as: 


• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


♦MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter Base Voltage 


Collector Current — Continuous 
— Peak (1 ) 


Emitter Current - Continuous 
- Peak (1) 


Total Power Dissipation @ Tq = 25°C 
@ T C = 100°C 

Derate above 25°C 

PD 

100 

57.2 

0.57 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +200 


5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
100 WATTS 


Designer s Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 






STYLE 1 
PIN 1. BASE 
2 EMITTER 
CASE COLLECTOR 



NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS 

2. GD IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q- 

1 ♦ 1 >.13 (0.005)© 1 T | V© 1 

FOR LEADS 

I ? I *.13 (0005)©T I V® I 06 


MILLIMETERS INCHES 

DIM MIN I MAX MIN I MAX 

A - I 39.37 ~~T 1 1.550 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/8” from Case for 5 Seconds 


’Indicates JEOEC Registered Data 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 


Symbol 

Max 

R 0JC 

1.75 

Tl 

275 


26.67 - 1.050 

4,83 5.33 0,190 0.210 

3.81 4.19 0.150 0.165~ 

CASE 1-OS 
TO-204AA 
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2N6542, 2N6543 


•ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted.) 

| Characteristic | Symbol | Min j Max | Unit [ 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

(I C = 100mA. I B = 0) MJ4400 

MJ4401 

VCEO(sus) 

300 

400 


Vdc 

Collector-Emitter Sustaining Voltage (Table 2, Figure 12) 

(>C - 2.6 A. V clamp = Rated V C EX- T C = 100°C) MJ4400 

MJ4401 

(1C - 5.0 Adc. V clamp = Rated V CEO -100 V, MJ4400 

T c = 100°C) MJ4401 

VCEX(sus) 

350 

450 

200 

300 

- 

Vdc 

Collector Cutoff Current 

(VcEV = Rated Value, VgE(off) = 15 

(V CEV = Rated Value, V BE ( off ) = 1.5 Vdc, T c = 100°C) 

•CEV 

- 

0.5 

3.0 

mAdc 

Collector Cutoff Current 

<V CE = Rated V CEV . R BE = 50 il, T c = 100°C) 

•CER 

~ 

3.0 


Emitter Cutoff Current 
(V EB = 8.0 Vdc, lc - 0) 

>EBO 

- 

1.0 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 
t= 1.0 s (non-repetitive) (Vq E = 100 Vdc) 

'S/b 

0.2 | 

(See Figure 1 1) 

Adc 

Clamped Inductive SOA with base reverse biased 

RBSOA 

(See Figure 12) 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 1.5 Adc. V CE = 2.0 Vdc) 

(l c = 3.0 Adc, V CE = 2.0 Vdc) 

h FE 




Collector-Emitter Saturation Voltage 

v CE(sat) 




(IC = 3.0 Adc, l B = 0.6 Adc) 


- 



(l c = 5.0 Adc, l B = 1.0 Adc) 


- 



( 1 C = 3.0 Adc, 1 B = 0.6 Adc, T c = 1 00°C) 


- 



Base-Emitter Saturation Voltage 

v BE (sat) 




(l c = 3.0 Adc, l B = 0.6 Adc) 


- 



(l c = 3.0 Adc, l B « 0.6 Adc, T c = 100°C) 


- 




DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 200 mAdc, V CE = 10 Vdc, f test = 1.0 MHz) 

h 

6.0 

28 

mm 

Output Capacitance 

(Vc B =10 Vdc, l E = 0, f test =1.0 MHz) 

^ob 

50 

200 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 2) | 

Delay Time 

(V CC 250 Vdc, l c 3.0 A. 

1 B 1 = 'B2 = 0 6 A - 'p = 100 ^s. 

Duty Cycle < 2.0%) 

*d 

- 

0.05 

MS 

Rise Time 

V 

- 

0.7 

MS 

Storage Time 

ts 


4.0 

MS 

Fall Time 

tf 

- 

0.8 

MS 

Inductive Load, Clamped (Table 2) | 

Symbol 

Typ 

Max 

Unit 

Storage Time 

(1C = 3.0 A(pk), V c | amp = Rated VcEX- 

I B1 = 0.6 A. V BE ( off ) = 5.0 Vdc , T C = 100°C) 

l sv 

- 

4.0 

MS 

Crossover Time 

t c 

0.6 

- 

MS 

Fall Time 

tfi 

_ 

0.8 

MS 

Storage Time 

(I C = 3.0 A(pk), V c)amp = Rated V C EX- 
I B1 = 0.6 A, V BE < off ) = 5.0 Vdc, T c = 25°C) 

tsv 

0.8 


MS 

Crossover Time 

t c 

0,3 

- 

MS 

Fall Time 

tfi 

0.2 

- 

MS 


'Indicates JEDEC Registered Data. 

(1 ) Pulse Test : Pulse Width = 300 ms. Duty Cycle « 2%. 
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2N6542, 2N6543 


DC CHARACTERISTICS 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 2 - COLLECTOR SATURATION REGION 



FIGURE 3 - "ON" VOLTAGE 



FIGURE 4 - TEMPERATURE COEFFICIENTS 



FIGURE 5 - COLLECTOR CUTOFF REGION 




0 5 1 0 2.0 5 0 10 20 50 100 200 500 

Vr, REVERSE VOLTAGE (VOLTS) 
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t,TIME (ns) 


2N6542, 2N6543 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


TABLE 1 - INDUCTIVE SWITCHING 
PERFORMANCE 


•c 

(A) 

T C 

°C 

tsv 

MS 

trv 

MS 

tfj 

MS 

tti 

MS 

tc 

MS 

1.0 

25 

0.70 

0.22 

0.21 

0.23 

0.66 


100 

1.20 

0.37 

0.19 

0.39 

0.95 

3.0 

25 

1.10 

0.09 

0.12 

0.08 

0.29 


100 

1.60 

0.42 

0.19 

0.40 

1.01 

5.0 

25 

1.10 

0.16 

0.19 

0.11 

0.46 


100 

1.70 

0.45 

0.37 

0.26 

1.08 


Note: All Data Recorded in the Inductive Switching 
Circuit Shown in Table 2. 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I B1 to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c | am p 
tfj = Current Fall Time, 90-10% lc 
t t j = Current Tail, 10-2% Iq 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT =1/2V cc l c (t c )f 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (tc and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 8 - TURNON TIME FIGURE 9 - TURNOFF TIME 
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r(t). EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


2N6542, 2N6543 


1.3 



FIGURE 10 - THERMAL RESPONSE 



t, TIME (ms) 
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2N6542, 2N6543 


The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 


FIGURE 11 - FORWARD BIAS SAFE OPERATING AREA 



5 0 7 0 10 20 30 50 70 100 200 300 500 

VcE, COLLECTOR EMITTER VOLTAGE (VOLTS! 


FIGURE 12 - REVERSE BIAS SAFE 
OPERATING AREA 




TJ 

VCEX(sus) - 


■ 






TURN 0 

1 

FF LOAD LIN 


■ 

■ 

m 



BOUNDARY FOR 2N6543.P1 
FOR 2N6542.P1, VrFO AND 


■ 

m 




^CEX a 

RE 100 

VOLTS LESS 

1 


■ 

■ 





2 6 A 

1 

_ 









■ 




, 




VCEO(sus) 





VBE(c 

-TC' 

ff) 5 

V 








100°C i 



VCE 





















100 200 300 400 

VCE. COLLECTOR EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 


Tc, CASE TEMPERATURE (°C) 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 1 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 

do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current condition allowable during reverse biased 
turn-off. This rating is verified under clamped conditions 
so that the device is never subjected to an avalanche 
mode. Figure 12 gives the complete RBSOA characteris- 
tics. 
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MOTOROLA 


2N6544 

2N6545 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The 2N6544 and 2N6545 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 volt line op- 
erated switch-mode applications such as: 


• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for: 
Reversed Biased SOA with Inductive Loads O" 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



8 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
125 WATTS 


♦MAXIMUM RATINGS 

Rating 

Symbol 

2IM6544 

2N6545 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

v CEX(sus) 

350 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

850 

Vdc 

Emitter Base Voltage 

VEB 

9.0 

Vdc 

Collector Current — Continuous 

*C 

8.0 

Adc 

- Peak (1) 

•cm 

16 


Base Current — Continuous 

•b 

8.0 

Adc 

- Peak (1) 

•bm 

16 


Emitter Current — Continuous 

•e 

16 

Adc 

-Peak (1) 

•em 

32 


Total Power Dissipation @ Tq = 25°C 

Pd 

125 

Watts 

@ T c = 100°C 


71 

■5 


Derate above 25°C 


0.714 

W/°C 

Operating and Storage Junction 

T jTstg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.4 

o 

o 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

°C 

‘Indicates JEDEC Registered Data 

( 1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate “worst case" 
design. 



STYLE 1 
PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 



NOTES 

1 DIMENSIONS Q AND V ARE DATUMS 

2 m IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0 

| ♦ 1 > 13(0005)© | T |V©~| 

FOR LEADS 

1 + 1 013(OOOS)©T 1 V@1 Q©1 

4 DIMENSIONS AND TOLERANCES PER 
ANSI Y14 5, 1973 


DIM 

MILLIMETERS 

INCHES ! 

MIN 

MAX 

MIN 

MAX 

A 

- 

39 37 

- 

1 550 

B 

- 

21 08 

- 

tst 

C 

6 35 

7 62 

0 250 

0 300 

0 

097 

1 09 

TW 

0 043 

E 

1 40 

1 78 

0 055 

0 070 

F 

30 1 

BSC 

1 18 

BSC 

G 

109 

BSC 

0 430 BSC 

" H j 

54 

> BSC 

0 215 BSC 

J 

16 8! 

BSC 

0 665 BSC 

K 

11 18 

12 19 

0 440 

0 480 

Q 

381 

4 19 

0 150 

0 165 

R 

- 

26 67 

- 

1 050 

U 

4 83 

5 33 1 

0 190 

0210 

V 

381 

4 19 

0 150 

0 165 


CASE 1-05 
TO-204AA 
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•ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

( Characteristic | Symbol | Min | Max j Unit ] 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 


VcEO(sus) 



Vdc 

(I C = 100 mA, l B = 0) 

2N6544 


300 

- 


2N6545 


400 

- 


Collector-Emitter Sustaining Voltage 


VCEX(sus) 



Vdc 

<I C = 4.5 A, V damp = Rated V CE X. T C = 100°C) 

2N6544 


350 

- 



2N6545 


450 

- 


(l C = 8.0 A, V damp = Rated V C EO -100 V, 

2N6544 


200 

- 


T C = 100°C) 

2N6545 


300 

- 


Collector Cutoff Current 

j 

•CEV 



mAdc 

(Vcev = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 

o 

o 

o 

o 

L 


- 

0.5 


< V CEV = Rated Value, V B E(off) = 15 Vdc - T C = 



2.5 


Collector Cutoff Current 


<CER 

- 

3.0 

mAdc 

(V CE = Rated V CEV , R BE = 50 n, T c = 100°C) 





Emitter Cutoff Current 


>EBO 

- 

1.0 

mAdc 

(V E b = 9.0 Vdc, l c = 0) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

0.2 

- 

Adc 

t = 1.0 s (non-repetitive) ( Vq E = 1 00 Vdc) 






ON CHARACTERISTICS (1) 


DC Current Gain 

<I C = 2.5 Adc, V CE = 3.0 Vdc) 

{ l c = 5.0 Adc, V CE = 3.0 Vdc) 

h FE 


60 

35 


Collector-Emitter Saturation Voltage 




Vdc 

(lC = 5.0 Adc, l B = 1.0 Adc) 





(l C = 8.0 Adc, l B = 2.0 Adc) 


- 



(l c = 5.0 Adc, l B = 1 .0 Adc, T c = 100°C) 


- 



Base-Emitter Saturation Voltage 



■ ■ 

Vdc 

(IQ = 5.0 Adc, l B = 1.0 Adc) 


- 

■ 


(IC = 5.0 Adc, l B = 1.0 Adc, T c = 100°C) 


~ 

■ 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 300 mAdc, V CE = 10 Vdc, f test = 1.0 MHz) 

*T 

6.0 

28 

MHz 

Output Capacitance 

( V CB = 1 0 Vdc, 1 E = 0, f t est = 1 0 MHz) 

Oob 

75 

300 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load I 

Delay Time 

(V C c * 250 Vdc, l C = 5.0 A, 
l B i = 1 B2 = 1.0 A, t p = 100 ms. 

Duty Cycle < 2.0%) 

td 

- 

0.05 

MS 

Rise Time 

tr 

- 

1.0 

MS 

Storage Time 

ts 

- 

4.0 

MS 

Fall Time 

tf 

- 

1.0 

MS 

Inductive Load, Clamped J 

Storage Time 

(l c = 5.0 A(pk), V damp = Rated V CEX , 

I B1 = 1.0 A, V BE ( 0 ff) = 5.0 Vdc, T C = 100°C) 

* 1 

- 

4.0 

MS 

Fall Time 

tf 

- 

0.9 

MS 



(l c = 5.0 A(pk), V damp = Rated V CE x- 
I B1 = 1.0 A, V BE(off ) = 5.0 Vdc, T C = 25°C) 


1.2 

MS 

Fall Time 

tf 

0.18 

MS 


•Indicates JEDEC Registered Data. 

(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 
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FIGURE 7 - FORWARD BIAS SAFE OPERATING AREA 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 8 - REVERSE BIAS SAFE 
OPERATING AREA 
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BOUNDARY FOR 2N6545. 

FOR 2N6544. Vr.Fn AND 







VCEX ARE 100 
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LESS. 

♦ 
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vce, collector-emitter voltage (volts) 



0 40 80 120 160 200 


Tc, CASE TEMPERATURE (°C) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc — VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 7 is based on Tc = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on I Figure 7, may be found 
at any case temperature by using the appropriate curve on 
Figure 9. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the limi- 
tations imposed by second breakdown. The reverse biased 
safe operating area (Figure 8) is the boundary the load line 
may traverse during turn-off. 


FIGURE 10 - THERMAL RESPONSE 
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MOTOROLA 


2N6546 

2N6547 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The 2N6546 and 2N6547 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 volt line op- 
erated switch-mode applications such as: 


• Switching Regulators 

• PWM Inverters and Motor Controls 

• Solenoid and Relay Drivers 

• Deflection Circuits 
Specification Features — 

High Temperature Performance Specified for: 
Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
175 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate “worst case" 
design. 


♦MAXIMUM RATINGS 

Rating 

Symbol 

2N6546 

2N6547 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

v CEX(sus) 

350 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

850 

Vdc 

Emitter Base Voltage 

< 

m 

00 

9.0 

Vdc 

Collector Current — Continuous 

ic 


15 

Adc 

— Peak (1 ) 

•cm 


30 


Base Current — Continuous 

•b 


10 

Adc 

- Peak (1) 

• bm 


20 


Emitter Current — Continuous 

•e 


25 

Adc 

- Peak (1) 

•em 


50 


Total Power Dissipation @ Tq = 25°C 

Pd 


175 

Watts 

@T C = 100°C 



100 


Derate above 25°C 



1.0 

W/°C 

Operating and Storage Junction 

T jT s tg 


-65 to +200 

°C 

Temperature Range 




i 


THERMAL CHARACTERISTICS j 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

o 

o 

Maximum Lead Temperature for Soldering 



275 

°C 

Purposes: 1/8“ from Case for 5 Seconds 






*1 ndicates JEDEC Registered Data 






(1) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle < 10%. 








1 DIMENSIONS Q AND V ARE DATUMS 

2 [~T~1 IS SEATING PLANE AND DATUM 
3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q 

1 + ] < 13 (0 0051© 1 T [V© 1 

FOR LEADS 

f + 1 |.13 (0 005)® T | V© 1 Q©| 
4 DIMENSIONS AND TOLERANCES PER 
ANSI V 14 5, 1973 


MILLIMETERS 


INCHES 


CASE 1-05 
TO-204AA 
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2N6546, 2N6547 


•ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min | Max j Unit 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 


v CEO(sus) 



Vdc 

(I C = tOOmA, l B = 0) 

2N6546 


300 

- 



2N6547 


400 

- 


Collector-Emitter Sustaining Voltage 


VcEX(sus) 



Vdc 

(I C = 8.0 A, V damp = Rated V C EX< T C = 100°C) 

2IM6546 


■350 

- 


2N6547 


450 

- 


(I C = 15 A, V damp = Rated V CE0 - 100 V, 

2N6546 


200 

- 


T C = 100°C) 

2N6547 


300 

- 


Collector Cutoff Current 


>CEV 



mAdc 

(Vcev = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 



- 

1.0 


(V C EV = Ra ted Value, V BE ( off ) = 1.5 Vdc, T c = 100°C) 



- 

4.0 


Collector Cutoff Current 


•CER 

- 

5.0 

mAdc 

(V CE = Rated V CEV , R B e = 50 SI, T c = 100°C) 





Emitter Cutoff Current 


•ebo 

- 

1 0 

mAdc 

(V EB = 9.0 Vdc, l c = 0) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

0.2 

- 

Adc 

t= 1 .0 s (non-repetitive) (Vq E = 100 Vdc) 






ON CHARACTERISTICS (1) 


DC Current Gam 

(IC ~ 5.0 Adc, Vce = 2.0 Vdc) 

(l C = 10 Adc, V CE = 2.0 Vdc) 

hpE 


wm 


Collector-Emitter Saturation Voltage 



m m 


(Iq = 10 Adc, l B = 2.0 Adc) 


- 



(IC = 15 Adc, l B = 3.0 Adc) 


- 

■ , 


(l c = 10 Adc, l B = 2.0 Adc, T c = 100°C) 


- 



Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

0c * 10 Adc, l B = 2.0 Adc) 


- 

1.6 


(Iq = 10 Adc, l B = 2.0 Adc, T c = 100°C 


- 

1.6 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

( 1 c = 500 mAdc, V CE = 1 0 Vdc, f tes t = 1 0 MHz) 

*T 

6.0 

28 

MHz 

Output Capacitance 

( V CB = 1 0 Vdc, 1 E = 0, f test = 1 .0 MHz) 

c ob 

125 

500 



SWITCHING CHARACTERISTICS 



Delay T ime 

(V CC = 250 V, l c = 10 A, 

1 B 1 = *B2 = 2 0 A - tp"" 100 ^ s ' 

Duty Cycle < 2.0%) 

td 

- 

0.05 

MS 

Rise T ime 

tr 

- 

1.0 

MS 

Storage T ime 

ts 

- 

4.0 

MS 

Fall Time 

if 

- 

0.7 

MS 

Inductive Load, Clamped 



Storage Time 

(*C “ 10 A(pk), V c | amp = Rated Vcex- i B1 =2 0A < 
VBE(off) = 5.0 Vdc, T c = 100°C) 

ts 

- 

5.0 

MS 

Fall Time 

tf 

- 

1.5 

MS 


Storage Time 

(lc - 10 A(pk), v c | amp - Rated Vq E x, 1 B 1 =2 0 A, 
V B E(off) =5.0 Vdc, T C = 25°C) 

ts 

2.0 

MS 

Fall Time 

tf 

0.09 

MS 


•Indicates JEDEC Registered Data. 

(1) Puse Test: Pulse Width = 300 ms, Duty Cycle = 2%. 
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2N6546, 2N6547 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


— -M- ZZZZ 

T j = 150°C 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - "ON" VOLTAGE 


FIGURE 4- TEMPERATURE COEFFICIENTS 


VCE(sat) @ IC/lB = 5 
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r(t), TRANSIENT THERMAL RESISTANI 


2N6546, 2N6547 


MAXIMUM RATED SAFE OPERATING AREAS 


FIGURE 7 - FORWARD BIAS SAFE OPERATING AREA 

50 , r t" t " T i T 1 1 , — f r 1 ttt— i 



FIGURE 8 - REVERSE BIAS SAFE 
OPERATING AREA 

20 | TURN OFF LOAD LINE 

-BOUNDARY FOR 2N6547. 

F0R2N6546.VCE0AND 

16 -VCEXARE 100 VOLTS LESS. 


BONDING WIRE LIMIT Pk 
THERMAL LIMIT + ■ 
(SINGLE PULSE) 14- j - )- 
SECOND BREAKDOWN LIMITE 


0-0 ^ CURVES APPLY BELOW RATEOVceoh|^|^2N6547=^[ :: ^ 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 








V B E(off) ! 
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VcE, COLLECTOR-EMITTER VOLTAGE 'VOLTS) 


FIGURE 9 - POWER DERATING 



Tc. CASE TEMPERATURE (°C) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 7 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 7 may be found 
at any case temperature by using the appropriate curve on 
Figure 9. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 10- THERMAL RESPONSE 
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MOTOROLA 


2N6548 

2N6549 


NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 

. . . designed for amplifier and driver applications where high gain is 
an essential requirement, low power lamp and relay drivers and 
power drivers for high-current applications such as voltage regulators. 

• High DC Current Gain — 

h F E = 25,000 (Min) @ l c = 200 mAdc - 2N6548 
= 1 5,000 (Min) @ lc = 500 mAdc - 2N6548 

• Collector-Emitter Breakdown Voltage — 

BVqES = ^0 Vdc (Min) @ lc = 100 juAdc 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 1 -5 Vdc (Max) @ lc = 1 -0 Adc 

• Duowatt Package — 

2 Watts Free Air Dissipation @ T/\ = 25°C 


DUOWATT 
NPN SILICON 

DARLINGTON AMPLIFIER 
TRANSISTORS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

•Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

•Collector-Base Voltage 

v CBO 

50 

Vdc 

•Emitter-Base Voltage 

v EBO 

12 

Vdc 

•Collector Current — Continuous 

*C 

2.0 

Adc 

•Base Current — Continuous 

>B 

100 

mAdc 

•Total Power Dissipation @ = 25°C 

PD 

2.0 

Watts 

Derate above 25°C 


16 

mW/°C 

Total Power Dissipation @T^ = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

•Operating and Storage Junction 

TjTstg 

-55 to +150 

°C 

Temperature Range 




•Solder Temperature, 1/16" from Case for 

- 

260 

°c 

10 Seconds 




THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°c/w 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

•Indicates JEDEC Registered Data. 


STYLE 1 

PIN 1 EMITTER -r-r 

2 BASE U 

3. COLLECTOR 
4 COLLECTOR 


d tB 




DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 


21.84 

22.35 

0.860 

0.880 

B 

9.91 

1041 

0 390 

0410 


4.19 

4.44 

0.165 

0.175 

0 

0.61 

0.71 

0.024 

0.028 

F 

3.68 

3.94 

0.145 

0.155 

JLj 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.70 

- 

0.500 

- 

L 

1.78 

2.03 

0.070 

0.080 

N 

9.91 

10.16 

0.390 

0.400 

Q 

3.56 

3.81 

0.140 

0.150 

R 

2.41 

2.67 

0.095 

0.105 

T 

13.21 

13.97 

0.520 

0.550 


CASE 306-04 

TO-202AC 
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2N6548, 2N6549 


*ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

[ Characteristic | Symbol | Min } Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage! 1) 

(I C = lOOMAdc, V BE = 0) 

BVqES 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = lOOMAdc, l E = 0) 

BVcbO 

50 

~ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = lOMAdc, l C = 0) 

bvebo 

12 

“ 

Vdc 

Collector Cutoff Current 
(V C b = 30 Vdc, l E ±0) 

'CBO 

~ 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 10 Vdc, l C = 0) 

>EBO 


100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 200 mAdc, V CE = 5.0 Vdc) 2N6548 

2N6549 

(l c = 500 mAdc, V CE = 5.0 Vdc) 2N6548 

2N6549 

( l C — 1.0 Adc, V CE = 5.0 Vdc) 2N6548 

2N6549 

hFE 

25.000 

15.000 

15.000 

10.000 

5.000 

3.000 

150,000 

150,000 


Collector-Emitter Saturation Voltage 
(l c = 1.0 Adc, l B = 2.0 mAdc) 

(I C = 2.0 Adc, l B = 4.0 mAdc) 

v CE(sat) 

- 

1.5 

2.0 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 1.0 Adc, l B = 2.0 mAdc) 

v BE(sat) 


2.0 

Vdc 

Base-Emitter On Voltage 
(l c = 1.0 Adc, V CE = 5.0 Vdc) 

v BE(on) 


2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


High Frequency Current Gain 
(it = 200 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

Ihfei 

1.0 

- 

- 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 1 .0 MHz) 

c ob 

— 

7.0 

pF 

Small-Signal Current Gain 

(IC = 50 mAdc, V CE = 5.0 Vdc, f = 1 .0 kHz) 2N6548 

2N6549 

hfe 

20,000 

15,000 

z 



* Indicates JEDEC Registered Data 
(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0% 


TYPICAL CHARACTERISTICS 

FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC’VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 150°C. Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


DUOWATT 


NPN SILICON 

AMPLIFIER TRANSISTORS 

. . . designed for general-purpose, medium-voltage, medium power 
amplifier and driver applications; series, shunt and switching regu- 
lators, and low and high frequency inverters and converters. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 100 Vdc (Min) @ l C = 1.0 mAdc - 2N6553 

• Duowatt Package - 2 Watts Free Air Dissipation @ = 25°C 

• Complements to PNP 2N6554/5/6 




* Emitter-Base Voltage 
‘Collector Current — Continuous 

- Peak (1) 

‘Base Current 

‘Total Power Dissipation @ T/\ = 25°C 

Derate above 25°C 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

‘Operating and Storage Junction 



Temperature Range 

‘Solder Temperature, 1/16” from Case 
for 10 Seconds 

THERMAL CHARACTERISTICS 
Characteristic 



Thermal Resistance, Junction to Ambient 1 R 0JA 1 62.5 1 °C/W 


Thermal Resistance, Junction to Case j R 0JC [ 12.5 j °C/W 

‘Indicates JEDEC Registered Data. 


(1 ) <10 ms, < 50% Duty Cycle 





































fj, CURRENT-GAIN - BANDWIDTH PRODUCT (MHz) 


2N6551, 2N6552, 2N6553 


* ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

| Characteristic j Symbol | Min | Max | Unit ) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I C = I.OmAdc, l B = 0) 

2N6551 

2N6552 

2N6553 

bv C eo 

60 

80 

100 

- 

Vdc 

Collpctor-Base Breakdown Voltage 


BVcbO 



Vdc 

(I C = lOOMAdc, l E = 0) 

2N6551 


60 

- 



2N6552 


80 

- 



2N6553 


100 

- 


Emitter-Base Breakdown Voltage 


bv EB o 

5.0 

- 

Vdc 

(l E = 100 ^Adc, lc = 0) 






Collector Cutoff Current 


>CBO 



nAdc 

(V C B = 40 Vdc, l E = 0) 

2N6551 


- 

100 


(Vcb = 60 Vdc, l E = 0) 

2N6552 


- 

100 


(V C B = 80 Vdc, l E = 0) 

2N6553 


- 

100 


Emitter Cutoff Current 


<EBO 

- 

100 

nAdc 

(V EB = 4.0 Vdc, l c = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = lOmAdc, V CE = 1.0 Vdc) 

(l c = 50 mAdc, V CE = 1 .0 Vdc) 

( lc = 250 mAdc, V QE = 1 .0 Vdc) 

(l c = 500 mAdc, V CE = 1 .0 Vdc) 

hpE 

60 

80 

60 

25 

300 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 250 mAdc, l B = 10 mAdc) 


- 

0.5 


(Iq = 1.0 Adc, l B = 100 mAdc) 


- 

1.0 


Base-Emitter On Voltage 

YBE(on) 

- 

1.2 

Vdc 

(IC = 250 mAdc, V CE = 5.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(IC = 100 mAdc, V C E = 5.0 Vdc, f = 20 MHz) 

fT 

75 

375 

MHz 

Collector-Base Capacitance 

(V CB = 20 Vdc, l E = 0, f = 1 .0 MHz) 

^cb 


18 

PF 


* Indicates JEDEC Registered Data 
( 1 ) Pulse T est: Pulse Width < 300 ms, Duty Cycle < 2.0% 


TYPICAL CHARACTERISTICS 


FIGURE 1 - CURRENT-GAIN - BANDWIDTH PRODUCT 




”0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 


Vr, REVERSE VOLTAGE (VOLTS) 
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Ic, COLLECTOR-CURRENT (mA) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) hfE, DC CURRENT GAIN 


2N6551,2N6552, 2N6553 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 3 - DC CURRENT GAIN 
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IC, COLLECTOR CURRENT (mA) 


FIGURE 4 - "ON" VOLTAGE 


VBE(sat)@>C/lB = 10 


. , VBE(on)@VcE = 1-0V 



1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 

IC, COLLECTOR CURRENT (mA) 


FIGURE 5 - COLLECTOR SATURATION REGION 




0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IB, BASE CURRENT (mA) 


FIGURE 6 - TEMPERATURE COEFFICIENTS 


4-4-4- ’Applies for lc/<B < ^FE/2- - 
*0VC for VcE(sat) H +4 tf - 


-+25°C to +125°C - 

-55°C to +25°C 
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IC, COLLECTOR CURRENT (mA) 


FIGURE 7 - COLLECTOR CHARACTERISTICS 


le = 200 H A/Step 
Tj= 25°C 


FIGURE 8 - COLLECTOR CUTOFF REGION 
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2N6551, 2N6552, 2N6553 


TYPICAL CHARACTERISTICS (continued) 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic—VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tc = 25°C; T j(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1 . 

Tj(pk) ma Y b e calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FIGURE 11 - POWER DERATING 


FIGURE 10 - ACTIVE-REGION SAFE-OPERATING AREA 



FIGURE 9 - THERMAL RESPONSE 
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2N6554 

2N6555 

2N6556 



MOTOROLA 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, medium-voltage, medium power 
amplifier and driver applications; series, shunt and switching regu- 
lators, and low and high frequency inverters and converters. 


• High Collector-Emitter Breakdown Voltage — 

BVcEO = 100 Vdc (Min) @ Iq = 1.0 mAdc - 2N6556 

• Duowatt Package — 2 Watts Free Air Dissipation @ T/\= 25°C 

• Complements to NPN 2N6551/2/3 


DUOWATT 
PNP SILICON 

AMPLIFIER TRANSISTORS 


MAXIMUM RATINGS 


Rating 


•Collector-Emitter Voltage 


•Collector-Base Voltage 


•Emitter-Base Voltage 


•Collector Current — Continuous 
Peak 


•Total Power Dissipation @ = 25°C 

Derate above 25°C 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


•Operating and Storage Junction 
Temperature Range 


•Solder Temperature, 1/16" from Case 
for 1 0 Seconds 


Symbol 


v CEO 


v CBO 


v EBO 


PD 


Pd 


T jT s tg 


2N6554 2IM6555 1 2N6556 


- 1 . 0 - 

- 2 . 0 - 


- 2 . 0 - 

-16- 


- 10 - 

-80- 


-260- 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


R 6>JA 


R 0JC 


°c/w 


°c/w 


•Indicates JEDEC Registered Data. 




STYLE 1 

PIN 1. EMITTER 

2 BASE 

3 COLLECTOR 

4 COLLECTOR 


~1 

DIM 

MILLIMETERS 

■mi 

MIN 

MAX 



A 

21 84 


IBI 


“IP 

991 

1041 

0 390 

0410 

mm 

4.19 

4 44 

0.165 

0.175 

mm 

0.61 

071 

0.024 

0 028 

mm 

3 68 

3 94 

0.145 

0 155 

mm 

2.41 

2 67 


0.105 

o 

HKZ9 

HEI9 


0.077 

n 



EEEI 

mm 

mm 

IHMil 

! - 

0.500 

- 

mm 

■KOI 


0 070 

0 080 

N 

9.91 

10.16 

0.390 

0.400 

Q 

3 56 


Egg 

0.150 

R 

241 


fcnut-Ti 

0.105 

T 

1321 


EBjl 

Iif-ifilii 


CASE 306-04 

TO-202AC 
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2N6554, 2N6555, 2N6556 


'ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.)* 

| Characteristic { Symbol | Min j Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1C = 1 -0 mAdc, l B = 0) 

2N6554 

2N6555 

2N6556 

BV CEO 

60 

80 

100 

- 

Vdc 

Collector-Base Breakdown Voltage 


bv C bo 



Vdc 

(l c = 100 MAdc, l E = 0) 

2N6554 


60 

- 



2N6555 


80 

- 



2N6556 


100 

- 


Emitter-Base Breakdown Voltage 


BV Eb0 

5.0 

- 

Vdc 

(l E = 100 MAdc, l c = 0) 






Collector Cutoff Current 


>CBO 



nAdc 

(Vcb = 40 Vdc, l E = 0) 

2N6554 


- 

100 


(V C b = 60 Vdc, l E = 0) 

2N6555 


- 

100 


(Vcb = 80 Vdc, l E = 0) 

2N6556 


- 

100 

J 


Emitter Cutoff Current 


>EBO 

- 

100 

nAdc 

(V EB = 4.0Vdc, l C = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 10 mAdc, V CE = 1 .0 Vdc) 

(l c = 50 mAdc, V CE = 1 .0 Vdc) 

( l c = 250 mAdc, V CE = 1 .0 Vdc) 

(1C = 500 mAdc, V CE = 1 .0 Vdc) 

hFE 

60 

80 

60 

25 

300 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(lc = 250 mAdc, l B = 10 mAdc) 


- 

0.5 


(l c = 1-0 Adc, l B = 100 mAdc) 


- 

1.0 


Base-Emitter On Voltage 

v BE(on) 

- . 

1.2 

Vdc 

(1C = 250 mAdc, V C E = 5.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 100 mAdc, V C E = 5.0 Vdc, f = 20 MHz) 

*T 

75 

375 

MHz 

Collector-Base Capacitance 

(Vcb = 20 Vdc, l E = 0, f = 1 .0 MHz) 

C cb 


18 

pF 


* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 

FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p | < ) ^ 150°C. Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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MOTOROLA 


2N6557 

2N6558 

2N6559 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . . designed for high-voltage TV video and chroma output circuits, 
high-voltage linear amplifiers, and high-voltage transistor regulators. 


High Collector-Emitter Breakdown Voltage — 
BVcEO = 350 Vdc (Min) @ Iq = 1.0 mAdc - 
Low Collector-Emitter Saturation Voltage — 
VcE(sat) = 0-6 Vdc (Max) @ Iq = 30 mAdc 
Low Collector-Base Capacitance — 

C cb = 3.0 pF (Max) @ V C B = 20 Vdc 

Duowatt Package — 

2 Watts Free Air Dissipation @ T A = 25°C 


2N6559 


MAXIMUM RATINGS 


Rating 


“Collector-Emitter Voltage 


‘Collector-Base Voltage 


Emitter-Base Voltage 


‘Collector Current — Continuous 
Peak 


*Base Current 


‘Total Power Dissipation ' 
Derate above 25°C 


i> T a = 25°C 


Total Power Dissipation @Tq = 25°C 
Derate above 25°C 


‘Operating and Storage Junction 
Temperature Range 


‘Solder Temperature, 1/16” from Case 
for 1 0 Seconds 


Symbol 


- V CEO . 


y.zm 


v EBO 


PD 


PD 


Tj< T $tg 


2N6557 2N6558 2N6559 


- 0.5- 
-0.7- 


- 2 . 0 - 
-16 - 


-10 ■ 
-80 ■ 


- -55 to +150 - 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°c/w 

“Indicates JEDEC Registered Data. 





DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 




STYLE 1 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 
4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4.19 

4.44 

0.165 

0.175 

0 

0.61 

0.71 

0.024 

0.028 

ir 

3.68 

3.94 

0.145 

0.155 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.70 

- 

0.500 

- 

L 

1.78 

2.03 

0.070 

0.080 

N 

9.91 

10.16 

0.390 

0.400 

Q 

3.56 

3.81 

0.140 

0.150 

R 

2.41 

2.67 

0.095 

0.105 

T 

13.21 

13.97 

0.520 

0.550 


CASE 306-04 

TO-202AC 
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2N6557, 2N6558, 2N6559 


*ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

| Characteristic | Symbol \ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(1C = 10 mAdc, lg = 0) 

2N6557 

2N6558 

2N6559 

bv C eo 

250 

300 

350 

- 

Vdc 

Collector-Base Breakdown Voltage 


BVcbO 



Vdc 

(l C = 100 MAdc, l E = 0) 

2N6557 


250 

- 



2N6558 


300 

- 



2N6559 


350 

- 


Emitter-Base Breakdown Voltage 


BVebO 

6.0 

- 

Vdc 

d E = 100 MAdc, lc = 0) 






Collector Cutoff Current 


'CBO 



MAdc 

(V C b = 150 Vdc, l E =0) 

2N6557 


- 

0.2 


(V C b = 200 Vdc, l E =0) 

2N6558 


- 

0.2 


(V C b = 250 Vdc, l E =0) 

2N6559 


- 

0.2 


Emitter Cutoff Current 


'EBO 

- 

0.1 

MAdc 

(V B E = 5.0 Vdc, l c = 0) 







ON CHARACTERISTICS!!) 


DC Current Gain 

(l c = 1.0 mAdc, V CE = 10 Vdc) 

(l c = 30 mAdc, V C E = 10 Vdc) 

hFE 

25 

40 

180 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

dc = 30 mAdc, lg = 3.0 mAdc) 


- 

0.6 


dc = 50 mAdc, lg = 5.0 mAdc) 


- 

1.5 


Base-Emitter On Voltage 

v BE(on) 

- 

0.85 

Vdc 

(Iq = 30 mAdc, V CE = 10 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I C = 10 mAdc, V CE = 20 Vdc, f = 20 MHz) 

IT 

45 

200 

MHz 

Collector-Base Capacitance 

( V CB = 20 Vdc, 1 E = 0, f = 1 .0 MHz) 

Ccb 

1 

3.0 

pF 


* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 
FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-VCE °* ^e transistor 

that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T J (pk ) = -150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 150°C. Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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2N6569 


(M) MOTOROLA 
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2N6569 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

| Characteristic { Symbol ( Min ( Max [ Unit 1 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = 200 mAdc, l B = 0) 

v CEO(sus) 

40 

- 

Vdc 

Collector Cutoff Current 

>CEV 



mAdc 

(VcEV = 45 Vdc * v BE(off) = 1 5 Vdc) 


- 

1.0 


(VcEV = 45 Vdc, v BE(off) = 15 Vdc, T C = 100°C) 


- 

10 


Emitter Cutoff Current 

>EBO 

- 

5.0 

mAdc 

(V EB = 5.0 Vdc, l C - 0) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

f S/b 

2.5 

_ 

Adc 

(Vce = 4 0 Vdc, t = 1.0-s (non-repetitive)) 





ON CHARACTERISTICS 


DC Current Gain 

(l C = 4.0 Adc, V CE = 3.0 Vdc) 

(l c = 12 Adc, V CE = 4.0 Vdc) 

h FE 

15 

5.0 

200 

100 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 4.0 Adc, lg = 0.4 Adc) 


- 

1.5 


(l C = 12 Adc, l B = 2.4 Adc) 


- 

4.0 


Base-Emitter Saturation Voltage 

v BE(sat) 


2.0 

Vdc 

<I C = 4.0 Adc, lg = 0.4 Adc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

<l c = 1.0 Adc, V CE = 4.0 Vdc, f test = 0.5 MHz) 

H 

1.5 

15 

MHz 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f test = 1.0 MHz) 

Cob 

75 

750 

pF 


SWITCHING CHARACTERISTICS 
RESISTIVE LOAD 


Delay Time 

(V CC = 30 Vdc, l c = 2.0 Adc, I B1 = 0.2 Adc, 

td 

- 

0.4 

MS 

Rise Time 

t p = 25 ms. Duty Cycle < 1 .0%) 

tr 

- 

1.5 

MS 

Storage Time 

(V cc = 30 Vdc, lc = 2.0 Adc, I B 1 = «B2 = °- 2 Adc - 

ts 

- 

5.0 

MS 

Fall Time 

tp = 25 ms. Duty Cycle < 1 .0%) 

tf 

- 

1.5 

MS 


•Indicates JEDEC Registered Data. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 
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Ic, COLLECTOR CURRENT (AMP) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6569 


FIGURE 2 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 3 - SAFE OPERATING AREA 
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4.0 5.0 7.0 10 20 30 50 70 80 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Safe operating area curves indicate lc _ VCE *' m,ts t ^ ie 
transistor being observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than 
the curves indicate. This transistor is thermally limited over 
its entire operation area. Figure 4 may be used to derate 
the curves shown or an effective R^JC(t) ma y be computed 
from Figure 2 for pulsed operation. 



Tc, TEMPERATURE (°C) 
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V, VOLTAGE (VOLTS) t»FE, DC CURRENT GAIN 


2N6569 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMPERES) 


FIGURE 6 - COLLECTOR SATURATION REGION 




0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

1C, COLLECTOR CURRENT (AMPERES) 



- 0.4 - 0.3 - 0.2 - 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 


Vbe, BASE-EMITTER VOLTAGE (VOLTS) 


1-339 




2N6576 

2N6577 

2N6578 



MOTOROLA 


NPN SILICON POWER DARLINGTON TRANSISTORS 

General-purpose EpiBase power darlington transistors, suitable 
for linear and switching applications. 

• Replacement for 2N3055 and Driver 

• High Gain Darlington Performance 

• Built-In Diode Protection for Reverse Polarity Protection 

• Can Be Driven from Low-Level Logic 

• Popular Voltage Range 

• Operating Range 65 to +200°C 


15 AMPERE 
POWER TRANSISTORS 

NPN SILICON 
DARLINGTON 

60, 90, 120 VOLTS 
120 WATTS 


'MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
- Peak 


Base Current — Continuous 
— Peak 


Emitter Current — Continuous 
— Peak 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol | 2N6576 | 2N6577 1 2N6578 | Unit 


VCEO(sus) 


V CB 


„ V eb-. 


p D 


T J' T $tg 


90 


- 15- 

- 30- 


-0.25- 
• 0.50 - 


-15.25- 
- 30.5 - 


— 120 - 
-0.685- 


THERMAL CHARACTERISTICS 


Watts 

W/°C 


Characteristic 


Thermal Resistance, Junction to Case 


Maximum Lead Temperature for Soldering 
Purposes: 1/16" from Case for 10s. 


Symbol 


R 0JC 


°c/w 


* Indicates JE DEC Registered Data 



DARLINGTON SCHEMATIC 

Collector 

Base' 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIMETERS 

■■EB3DH 

MIN 

MAX 

a.’.ll.’M 

WJTM 

A 


[39.37 

— 

881 

B 

- 

22.23 

■Bi 

Ena 

C 

6.35 

11.43 


rasa 

D 

0.97 

1.09 


EESi 

E 

- 

3.43 

- 


F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

Ilggfli 

H 

5.21 

5.72 

0.205 

■tf>« 

J 

16.64 

17.15 

0.655 


K 

11.18 

12.19 

0.440 

EEUI1 

Q 

3.84 

4.09 

0.151 

e sm 

R 

- 

26.67 

- 

KEEa 


CASE 11-03 
TO-3 
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2N6576, 2N6577, 2N6578 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

| Characteristic 1 Sy mbo1 1 Min j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) 

( 1 c = 200 m Adc, 1 B - 0) 2IM6576 

2N6577 

2N6578 

VcEO(sus) 

60 

90 

120 

- 

Vdc 

Collector Cutoff Current 
(Vce = Flated Value) 

'CEO 

- 

1.0 

mAdc 

Collector Cutoff Current 

(V C £R = Rated V C EO(sus) Value, R BE = 10 kfi. T C = 150°C) 

'CER 

~ 

5.0 

mAdc 

Collector Cutoff Current 

VCEX = Rated v CEO(sus) Value, V BE ( off ) = 1.5 Vdc) 

'CEV 

_ 

5.0 

mAdc 

Collector Cutoff Current 
( Vcb = Rated Value) 

'CBO 

— 

0.5 

mAdc 


ON CHARACTERISTICS 


DC Current Gain 

(1C = 15 Adc, V CE = 4.0 Vdc) 

(l C = 10 Adc, V CE = 3.0 Vdc) 

(l c = 4.0 Adc, V C E = 3.0 Vdc) 

(l c = 0.4 Adc, V CE = 3.0 Vdc) 

h FE 

100 

500 

2000 

200 

5.000 

20.000 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(l c = 15 Adc, l B = 0.15 Adc) 


- 

4.0 


(l c = 10 Adc, l B = 0.1 Adc) 


- 

2.8 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 15 Adc, l B = 0.15 Adc) 


- 

4.5 


(l c = 10 Adc, l B = 0.1 Adc) 


- 

3.5 


Collector-Emitter Diode Voltage Drop 

V F 

- 

4.5 

Vdc 

<I EC = 15 Adc) 






DYNAMIC CHARACTERISTICS 


Magnitude of Common-Emitter Small-Signal Short-Circuit Current Transfer Ratio 

Ihfel 

10 

200 

- 

(l c = 3.0 Adc, V CE = 3.0 Vdc, f = 1 .0 MHz) 






SWITCHING CHARACTERISTICS 
RESISTIVE LOAD (Figure 2) 


Delay Time 

(V c c = 30 Vdc, I C = 10 Adc, l B i = 0.1 Adc, 
t p = 300 ms, Duty Cycle < 2.0%) 

id 

- 

0.15 

MS 

Rise Time 

t r 

- 

1.0 

MS 

Storage Time 

( V cc = 30 Vdc, l c = 10 Adc, I B1 = l B2 = 0.1 Adc, 
tp = 300 ms. Duty Cycle < 2.0%) 

is 

- 

2.0 

MS 

Fall Time 

tf 

- 

7.0 

MS 


Indicates JEDEC Registered Data 

(1) Pulse test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 1 - RATED FORWARD BIASED 
SAFE OPERATING AREA 



2.0 5.0 10 20 40 60 100 150 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of 
a transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-Vqe limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tq = 25°C; Tjfpk) is variable 
depending on power level. Second breakdown pulse limits are 
valid for duty cycles to 10%. 

Tj(pk) may be calculated from the data in Figure 6. At high 
case temperatures thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 
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V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) h FE< DC CURRENT GAIN 


2N6576, 2N6577, 2N6578 


FIGURE 2 - DC CURRENT GAIN 


FIGURE 3 - COLLECTOR-SATURATION REGION 
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l B , BASE CURRENT (AMPS) 


FIGURE 5 - BASE-EMITTER VOLTAGE 



0.2 0.5 1 2 5 


l C , COLLECTOR CURRENT (AMPS) 


FIGURE 6 - THERMAL RESPONSE 
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MOTOROLA 


2N6591 

2N6592 

2N6593 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . . designed for horizontal drive applications, high-voltage linear 
amplifiers, and high-voltage transistor regulators. 


High Collector-Emitter Breakdown Voltage — 

BVcEO = 250 Vdc (Min) @ l c = 1.0 mAdc - 2N6593 
Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1 -5 Vdc (Max) @ l C = 200 mAdc 
Duowatt Package — 

2 Watts Free Air Dissipation @ Ta = 25°C 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 


MAXIMUM RATINGS 


Rating 


‘Collector-Emitter Voltage 


‘Collector-Base Voltage 


‘Emitter-Base Voltage 


‘Collector Current — Continuous 
Peak (1) 


‘Total Power Dissipation 
Derate above 25°C 


P T a = 25°C 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


‘Operating and Storage Junction 
Temperature Range 


‘Solder Temperature, 1/16” from Case 
for 10 Seconds 


Symbol 2N6591 2N6592 2N6593 


v CEO 


v CBO 


v EBO 


PD 


PO 


T J- T stg 


- 0.5- 

- 1 . 0 - 


- 2 . 0 - 
-16 - 


-10 ■ 
-80 ■ 


-55,to + 150 - 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


R 6> JA 


R flJC 


°C/W 


°C/W 


‘Indicates JEDEC Registered Data. 

(D Pulse Test: Pulse Width < 1 .0 ms, Duty Cycle < 50%. 




STYLE 1- 

PIN 1, EMITTER 

2. BASE 

3. COLLECTOR 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES j 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0 880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4.39 

4.65 

0.173 

0.183 

D 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4.06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1.65 

2.03 

0.065 

0.080 

N 

9.91 

10.16 

0.390 

0.400 

Q 

3.56 

3.81 

0.140 

0.150 

R 

1.07 

Us 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

6.360 


CASE 306-04 
TO-202AC 
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fT, CURRENT GAIN BANDWIDTH PRODUCT (MHz) 


2N6591, 2N6592, 2N6593 


•ELECTRICAL CHARACTERISTICS (T/^ = 25°C unless otherwise noted.) 


1 Characteristic | Symbol j Min | Max | UniT 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l c = I.OmAdc, l B = 0) 

2NS591 

2N6592 

2N6593 

bv C eo 

■ 

^ ; ' ' ' ' ; 

1 1 1 

Vdc 

Collector-Base Breakdown Voltage 


BVcbO 



Vdc 

(l c = 100 MAdc, l E = 0) 

2N6591 


150 

- 



2N6592 


200 

- 



2N6593 


250 

- 


Emitter-Base Breakdown Voltage 


BV E bo 

5.0 

- 

Vdc 

<I E = 1 00 MAdc, l c = 0) 






Collector Cutoff Current 


'CBO 



MAdc 

(V CB = 100 Vdc, l E = 0) 

2N6591 


- 

0.2 


(V CB = 150 Vdc, l E = 0) 

2N6592 


- 

0.2 


(Vcb = 200 Vdc, l E = 0) 

2N6593 


- 

0.2 


Emitter Cutoff Current 


•ebo 

- 

0.1 

MAdc 

(V EB = 5.0 Vdc, lc = 0) 







ON CHARACTERISTICS!!) 


DC Current Gain 

(l c = 10 mAdc, V CE = 10 Vdc) 2N6591 

2N6592 

2N6593 

(l c = 100 mAdc, V C E = 10 Vdc) 2N6591 

2N6592 

2N6593 

h FE 

40 

30 

30 

40 

40 

30 

250 

250 

250 

200 

200 

200 


Collector-Emitter Saturation Voltage 
<l c = 200 mAdc, 1 B = 20 mAdc) 

v CE(sat) 

- 

0.8 

Vdc 

Base-Emitter On Voltage 

(I C = 100 mAdc, V CE = 10 Vdc) 

v BE(on) 


1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

(l c = 50 mAdc, V CE = 20 Vdc, f = 20 MHz) 

fT 

35 

300 

MHz 

Collector-Base Capacitance 

(Vcb = 10 Vdc - »E = 0, f = 1 .0 MHz) 

Ccb 

" 

12 

PF 


* Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width < 300 ns. Duty Cycle <2.0%. 


TYPICAL CHARACTERISTICS 



10 20 30 50 70 100 

1C, COLLECTOR CURRENT (mA) 


FIGURE 2 - CAPACITANCE 
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Ic. COLLECTOR CURRENT (mA) Vce. COLLECTOR EMITTER VOLTAGE (VOLTS) hFE. DC CURRENT GAIN 


2N6591, 2N6592, 2N6593 


TYPICAL CHARACTERISTICS (Continued! 



0.5 1.0 2.0 5.0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 



0.5 1.0 2 0 5 0 10 20 50 100 200 500 

IC, COLLECTOR CURRENT (mA) 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 

IB, BASE CURRENT (mA) 



0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 


IC, COLLECTOR CURRENT (mA) 


FIGURE 7 - COLLECTOR CHARACTERISTICS FIGURE 8 - COLLECTOR CUTOFF REGION 
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r(t), TRANSIENT THERMAL 

1C. COLLECTOR CURRENT (mA) Ti RESISTANCE (NORMALIZED) 


2N6591, 2N6592, 2N6593 


TYPICAL CHARACTERISTICS (Continued) 

FIGURE 9 - THERMAL RESPONSE 



IGURE 10 - ACTIVE REGION SAFE-OPERATING AREA 
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THERMAL LIMIT, SINGLE PULSE 

“ SECOND BREAKDOWN LIMIT 

(Applies Below Rated VceO) 

.. 1. 1 mu i i i L_ j 
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5.0 7.0 10 20 3Q 50 70 

VCE, COLLECTOR EMITTER VOLTAGE 


100 200 300 

(VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq— V cE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1 . 

Tj(pk) may be calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



0 20 40 60 80 100 120 140 160 

Tc, CASE TEMPERATURE (°C) 
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2N6594 



MOTOROLA 


PNP SILICON POWER TRANSISTOR 

The 2N6594 is a general-purpose, EPI-BASE power transistor 
designed for low voltage amplifier and power switching applications. 
It is a complement to the NPN 2N6569. 

• Safe Operating Area — Full Power Rating to 40 V 

• EPI-BASE Performance in Gain and Speed 

• Lower Voltage, Economical Complement to the 2N3055 


12 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

40 VOLTS 
100 WATTS 



"MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

40 

Vdc 

Collector-Base Voltage 

v CBO 

45 

Vdc 

Emitter-Base Voltage 

v EBO 

5 

Vdc 

Collector Current — Continuous 

■c 

12 

Adc 

- Peak 


24 


Base Current — Continuous 

>B 

5 

Adc 

' — Peak 


10 


Emitter Current — Continuous 

•e 

17 

Adc 

— Peak 


34 


Total Power Dissipation @ Tq = 25°C 

Pd 

100 

Watts 

Derate above 25° C 


0.572 

W/°C 

Operating and Storage Junction 

T J« T stg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.75 

°c/w 

Maximum Lead Temperature for Soldering 

Tl 

265 

°c 

Purposes: 1/16" from Case for 10 seconds 






3 - 




[Z 

SEATING 
PLANE 



STYLE 1: 

PIN 1. BASE NOTE: 

2. EMITTER 1. DIM "Q" IS DIA. 

CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

-26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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2N6594 


.3 


"ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

1 Characteristic [ Symbol | Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(1C = 200 mAdc, l B = 0) 

v CEO(sus) 

40 

- 

Vdc 

Collector Cutoff Current 

»CEV 



mAdc 

(V C EV = 45 Vdc, V B E(off) = 1 -5 Vdc) 


- 

1 


(V C EV = 45 Vdc, V BE(off) = 1.5 Vdc, T c = 100°C) 


- 

10 


Emitter Cutoff Current 

>EBO 

- 

5 

mAdc 

<V EB = 5Vdc. \q = 0) 





SECOND BREAKDOWN | 

Second Breakdown Collector Current with Base Forward Biased 

'S/b 

2.5 

- 

Adc 

(Vce = 40 Vdc, t = 1 s (non-repetitive)) 





ON CHARACTERISTICS | 

DC Current Gain 

h FE 



- 

(l C = 4 Adc, V C E “ 3 Vdc) 


15 

200 


(lc = 12 Adc, Vce = 4 Vdc) 


5 

100 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(1C “ 4 Adc, l B = 0.4 Adc) 


- 

1.5 


(1C * 12 Adc, l B * 2.4 Adc) 


- 

4 


Base-Emitter Saturation Voltage 


- 

2 


(1C “ 4 Adc, l B = 0.4 Adc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 1 Adc, V CE = 4 Vdc, f test = 0.5 MHz) 

IT 

2.5 

25 


Output Capacitance 

(V C b = 10 Vdc, l E = 0. f test = 1 MHz) 

Cob 

100 

1000 

pF 


SWITCHING CHARACTERISTICS 
RESISTIVE LOAD 


Delay Time 

(V C c " 30 Vdc, l C = 2 Adc, l B i - 0.2 Adc, 


- 

0.4 

MS 

Rise Time 

t p = 25 ms. Duty Cycle < 1%) 


- 

1.5 

MS 

Storage Time 

(V C C = 30 Vdc, l C = 2 Adc, «B1 = *B2 = 0 2 Mc > 

»s 

- 



Fall Time 

t p = 25 ms. Duty Cycle < 1%) 

tf 

- 




•Indicates JEDEC Registered Data. 

(1) Pulse Test, PW = 300 ms, Duty Cycle < 2%. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 



Rg and R£ Varied to Obtain Desired Current Levels 
D1 must be fast recovery type. 
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Ic, COLLECTOR CURRENT (AMP) r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6594 


FIGURE 2 - THERMAL RESPONSE 



FIGURE 3 - SAFE OPERATING AREA 
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Safe operating area curves indicate Iq-Vce limits of the 
transistor being observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than 
the curves indicate. Figure 4 may be used to derate the 
curves shown or an effective R# may be computed 
from Figure 2 for pulsed operation. 
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Tc, TEMPERATURE (°C) 
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MOTOROLA 


2N6666 

2N6667 

2N6668 


PLASTIC MEDIUM-POWER SILICON TRANSISTORS 

. . designed for general-purpose amplifier and low speed switching 
applications. 

• High DC Current Gain — 

hpE = 3500 (Typ) @ Iq = 4.0 Adc 

• Collector-Emitter Sustaining Voltage — (§> 200 mAdc 

v CEO(sus) = 40 Vdc (Min) — 2N6666 
= 60 Vdc (Min) — 2N6667 
= 80 Vdc (Min) — 2N6668 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) 3 2.0 Vdc (Max) @ l c = 3.0 Adc — 2N6666 
v CE(sat) = 2 0 Vdc (Max) @ Iq = 5.0 Adc — 2N6667, 2N6668 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• Complementary to 2N6386, 2N6387, 2N6388 


DARLINGTON 

8 AND 10 AMPERE 

PNP SILICON 
POWER TRANSISTORS 


40-60-80 VOLTS 
65 WATTS 


"MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Base Current 


Total Device Dissipation <5 
Derate above 25°C 


1 T C = 25°C 


Total Device Dissipation @ T^= 25°C| 
Derate above 25°C 


Operating and Storage Junction, 
Temperature Range 


Symbol 2N6666 2N6667 2N6668 


v CEO 


V CB 


V EB 


PD 


PD 


T J- T stg 


40 


60 


60 


80 


80 


8.0 

15 


10 

15 


10 

15 


- 65 - 
-0.52- 


— 2.0 - 
-0.016- 


Vdc 


Watts 

W/°C 


Watts 

W/°C 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

IKEDI 

Thermal Resistance, Junction to Case 

R 0JC 

1.92 

H3B 

Thermal Resistance, Junction to Ambient 

R 0JA 

62.5 

■2331 




STYLE 1 

PIN 1 BASE NOTES 

2 COLLECTOR 1 DIMENSION H APPLIES TO ALL LEADS 

3 EMITTER 2 DIMENSION L APPLIES TO LEADS 1 

4 COLLECTOR AND 3 


DIM 

MILLIMETERS 

INC 

HIS 

MIN 

MAX 

MIN 

MAX 

A 

1460 

1575 

0.575 

0.620 

B 

9 65 

1029 

0 380 

0 405 

C 

4.06 

4.82 

0 160 

"oW 

D 

0 64 

0 89 

0.025 

roo35“ 

F 

361 

3.73 

0 142 

0.147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0.36 

0 56 

0014 

0 022 

K 

12.70 

14.27 

0 500 

0 562 

L 

1.14 

1 39 

0.045 

0.055 

N 

4 83 

5 33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0.120 

R 

2.04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

v 

1.14 

- 

0.045 

- 


- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 
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2N6666, 2N6667, 2N6668 


'ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max j Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(l C = 200 mAdc. I B = 0) 

2N6666 

2N6667 

2N6668 

VcEO(sus) 

40 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C £ = 40 Vdc, l B = 0) 

2N6666 


— 

1.0 


<VcE = 60Vdc. I B = 0) 

2N6667 


— 

1.0 


(V CE = 80 Vdc. I B = 0) 

2N6668 


— 

1.0 


Collector Cutoff Current 


•CEX 



/uAdc 

(Vce = 40 Vdc. V EB ( 0 ff) = 1 .5 Vdc) 

2N6666 


— 

300 


(V C E = 60 Vdc, V EB ( 0 ff) = 1 -5 Vdc) 

2N6667 


— 

300 


(V C E = 80 Vdc. V EB(off) = 1 .5 Vdc) 

2N6668 


— 

300 


(Vce = 40 Vdc, V EB(off) = 1 .5 Vdc, T c = 1 25°C) 

2N6666 


— 

3.0 

mAdc 

(V C E = 60 Vdc, V EB ( 0 ff) = 1 .5 Vdc, T c = 1 25°C) 

2N6667 


— 

3.0 


(Vce = 80 Vdc. V EB (off) = 1 .5 Vdc, T C = 1 25°C) 

2N6668 


— 

3.0 


Emitter Cutoff Current 


'EBO 

— 

5.0 

mAdc 

(V BE = 5.0 Vdc, I'e = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 3.0 Adc, V C E = 3.0 Vdc) 

(l C = 5.0 Adc. V C E = 3.0 Vdc) 

(lC = 8.0 Adc. V C E = 3.0 Vdc) 

(l c = 10 Adc. V C E = 3.0 Vdc) 

2N6666 

2N6667, 2N6668 

2N6666 

2N6667, 2N6668 

h FE 

1000 

1000 

100 

100 

20000 

20000 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(lC = 3.0 Adc, l B = 0.006 Adc) 

2N6666 


— 

2.0 


(l C = 5.0 Adc, l B = 0.01 Adc) 

2N6667, 2N6668 


— 

2.0 


(lC = 8.0 Adc, l B = 0.08 Adc) 

2N6666 


— 

3.0 


(l c = 10 Adc, l B = 0.1 Adc) 

2N6667, 2N6668 


- 

3.0 


Base-Emitter Saturation Voltage 


v BE(sat) 



Vdc 

(l C = 3.0 Adc, V C E = 3.0 Vdc) 

2N6666 

— 

2.8 


(l C = 5.0 Adc, V C E = 3.0 Vdc) 

2N6667, 2N6668 


— 

28 


(l C = 8.0 Adc, V C E = 3.0 Vdc) 

2N6666 


— 

4.5 


(l C = 10 Adc. V C E = 3.0 Vdc) 

2N6667, 2N6668 


— 




DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 
(lC = 1 .0 Adc. V C E = 5.0 Vdc, f tes t = 1 0 MHz) 

Ihfel 

20 

— 


Output Capacitance 
(Vcb = 10 Vdc, l E = 0, f = 1 .0 MHz) 

C 0 b 

— 

200 

PF 

Small-Signal Current Gain 
(lC = 1 0 Adc. V C E = 5 0 Vdc, f = 1 .0 kHz) 

hfe 

1000 

— 

— 


‘Indicates JEDEC Registered Data 

(1) Pulse Test. Pulse Width ^ 300 ns. Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



t r , If < 10 nt 
DUTY CYCLE * 1.0% 



0.1 0.2 0.3 0.5 0.7 1.0 2 0 3.0 5.0 7.0 10 

l C . COLLECTOR CURRENT (AMPS) 
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hFE. SMALL-SIGNAL CURRENT GAIN - 1& COLLECTOR CURRENT (AMPS) r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6666, 2N6667, 2N6668 


FIGURE 4 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 5 - SAFE OPERATING AREA 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Iq — Vqe limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 1 50°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are 
valid for duty cycles to 1 0% provided Tj( p k) < 1 50°C. Tj( p |<) may 
be calculated from the data in Figure 4. At high case temper- 
atures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 



f. FREQUENCY (kHz) 



0.1 0.2 0 5 1.0 2.0 5.0 10 20 50 100 

Vr, REVERSE VOLTAGE (VOLTS) 
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2N6666, 2N6667, 2N6668 


1.3 


FIGURE 8 - DC CURRENT GAIN 




0.1 0.2 0.3 0.5 0.7 1.0 2.0 3 0 5.0 7.0 10 

1C. COLLECTOR CURRENT (AMPS) 


FIGURE 12 - COLLECTOR CUT-OFF REGION 



Vbe. BASE-EMITTER VOLTAGE (VOLTS) 


’V/°C) VqE' COLLECTOR- 


FIGURE 9 - COLLECTOR SATURATION REGION 



0 3 0 5 0 7 1 0 2 0 3.0 5 0 7 0 10 20 30 


l B . BASE CURRENT (mA) 



1C, COLLECTOR CURRENT (AMP) 

FIGURE 13 - DARLINGTON SCHEMATIC 


COLLECTOR 



EMITTER 









MOTOROLA 


2N6676 

2N6677 

2N6678 


NPN SILICON POWER TRANSISTORS 

The 2N6676, 2N6677 and 2N6678 transistors are designed for 
high voltage switching applications such as: 

• Off-Line Power Supplies 

• Converter Circuits 

• Pulse Width Modulated Regulators 
Specification Features — 

High Voltage Capability 
Fast Switching Speeds 
Low Saturation Voltages 
High SOA Ratings 



MAXIMUM RATINGS 


Rating 

Symbol 

2N6676 2N6677 2N6678 

Unit 

Collector Emitter Voltage 

V CEV 

450 550 650 

Vdc 

Collector Emitter Voltage 

V CEX 

350 400 450 

Vdc 

Collector Emitter Voltage 

v CE0 

300 350 400 

Vdc 

Emitter Base Voltage 

v EBO 

8 

Vdc 

Collector Current - cont 
- peak 

•c 

'CM 

15 

20 

Adc 

Base Current - cont 

<B 

1 5 

Adc 

Power Dissipation Tq = 25°C 
Derate above 25°C 

PT 

175 

1 

Watts 

W/°C 

Operating and Storage 

Junction 

Tj; 

T stg 

-65 to 200 

°C 

Thermal Resistance Junction 

to Case 

R 0JC 

1.0 

°c/w 

Maximum Lead Temperature 

At Distance >1/16 in. 

(1 .58 mm) from seating 
plane for 10 s max. 


235 

°c 



15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 


300, 350. 400 VOLTS 
1 75 WATTS 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 
MIN MAX 

INCH 
MIN [ 

m 

A 

39.37 

- 

r 

I1M1 

B 

21.08 

- 


rnf:EM 

C 

6.35 7.62 

0.250 


REIiTM 

D 

0.97 1.09 

0.038 


lilflM 

E 

1.40 1.78 

0.055 

I 

EMU 


J | 16.89 BSC | 

0.66 


K 11.18 

12.19 

0.440 

0.480 1 

Q 3.81 

4.19 

0.150 

EH &! 

R 

26.67 

- 

■Mill 

U 4.83 

5.33 

0.190 

mi 

V 3.81 

4.19 

0.150 

BEgl] 
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2N6676, 2N6677, 2N6678 


1.3 


ELECTRICAL CHARACTERISTICS <Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector Cutoff Current 

'CEV 



mA 

(Vce = Rated V C EV< VeE(off) = - 1 5 Vdc) 


— 

0.1 


(Vce = Rated Vqev- v BE(off)> TC = 1 00°C) 


— 

1.0 


Emitter Cutoff Current 

•ebo 

— 

2.0 

mA 

(V EB = 8.0 Vdc, l C = 0) 





Collector-Emitter Sustaining Voltage 

v CE0(sus) 



Vdc 

(l C = 200 mA, l B = 0) 2N6676 


300 

— 


2N6677 


350 

— 


2N6678 


400 

- 


Collector-Emitter Sustaining Voltage 

v CEX(sus) 



Vdc 

(I C = 1 5 A, V clamp = Rated V C £X) 2N6676 


350 

' — 


2N6677 


400 

— 


2N6678 


450 

__ 



SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 

See Figure 1 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 2 


ON CHARACTERISTICS 


DC Current Gain 
(I C = 15 A, V CE =3.0 V) 

h FE 

8.0 

— 

— 

Base Emitter Saturation Voltage 

v BE(sat) 

- 

1.5 

Vdc 

0 C = 15 A, l B = 3.0 A) 





Collector-Emitter, Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 15 A, l B = 3.0 A) 


— 

1.5 


<Iq = 15 A, l B = 3.0 A, T C = 1 00°C) 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current Gain 

(l C = 1 .0 A, V CE = 1 0 Vdc, f = 5.0 MHz) 

1 hfel 

3.0 

10 

MHz 

Output Capacitance 
(l C = 10 A, V CB = 10 Vdc, f = 0.1 MHz) 

c ob 

150 

500 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load J 

Delay Time 

V C C = 200 V, I C = 1 5 A, 

*B1 = >B2 = 3.0 A, t p = 20 ns. 
Duty Cycle ^ 2.0% 

V BB — 6.0 V, R L = 13.5 n 
(See Figure 3) 

T c = 25°C 

td 

- 

0 1 

/uS 

Rise Time 

V 

— 

0.6 

Storage Time 

l s 

— 

2.5 

Fall Time 

tf 

— 

0.5 

Delay Time 

T C = 100°C 

td 

- 

0.4 

Rise Time 

t r 

— 

1.0 

Storage Time 

t s 

— 

4.0 

Fall Time 

tf 

— 

1.0 


Inductive Load 


Cross Over Time 

L= 50 m H 

T c = 25°C 

tc 

— 

0.5 

MS 


Vclamp = Rated V CEX 
(See Figure 3) 

T c = 1 00°C 



0.8 
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2N6676, 2N6677, 2N6678 


FIGURE 1 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 2 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tc = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 2 
gives the RBSOA characteristics. 






2N6676, 2 N 6677, 2N6678 


FIGURE 3 - SWITCHING TIME MEASUREMENTS 
FOR 2N6676, 2N6677. AND 2N6678 



Q3 = 2N3762 

Q4, Q5, Q6, Q7 = CA3725 Quad Transistor Array 


NOTE: Battery symbols Vcc- V B1 - V B2- v B(clamp) 
indicate rigorously filtered voltage sources 
at the circuit terminals to accommodate the 
fast rise and fall times and high currents pre- 
sent in the circuit. 

NOTE: SW1 closed for t r , t s , tf. SW1 open for t c . 


t d = A-B 
T r - B-C 
t s = X-Y 
tf = Y-Z 

^transistion = X-W 

NOTE: TRANSITION TIME FROM 90% 
IB1 to 90% IB2 MUST BE LESS 
THAN 0.5 M s 
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(M) MOTOROLA 


2N6833 

2N6834 


Designer’s Data Sheet 


5.0 AMPERE 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switchmode applications. 
Typical Applications: p 

• Switching Regulators L 

• Inverters j 

• Solenoid and Relay Drivers T 

• Motor Controls 

• Deflection Circuits f \ \ 

• Fast Turn-Off Times vJjV' 

50 ns Inductive Fall Time — 75°C (Typ) 1 

70 ns Inductive Crossover Time — 75°C (Typ) -i- 

500 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +1 50°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

2N6833 

2N6834 

Unit 

Collector-Emitter Voltage* 

v CEO(sus) 

450 

Vdc 

Collector-Emitter Voltage* 

V CEV 

850 

Vdc 

Emitter Base Voltage* 

V EB 

6.0 

Vdc 

Collector Current — Continuous* 

■c 

5.0 

Adc 

— Peak (1) 

•cm 

10 


Base Current — Continuous* 

•b 

4.0 

Adc 

— Peak(1) 

<BM 

8.0 


Total Power Dissipation @ Tq = 25°C* 

PD 

80 

125 

Watts 

@ T c = 1 00°C* 


32 

71.5 


Derate above 25°C* 


0.64 

0.714 

W/°C 

Operating and Storage Junction 

T J« T stg 

-65 to 

-65 to 

°C 

Temperature Range* 


+150 

+200 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

2N6833 

2N6834 

Unit 

Thermal Resistance, Junction to Case* 

Rfljc 

1.56 

1.40 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1 /8" from Case for 5 Seconds* 

Tl 

275 

°c 

(1 ) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle ^ 10%. 

•Indicate JEDEC Registered Data 


Designer's Data for "Worst Case" Conditions 

The Designer’s Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit data — representing device characteristics boundaries — are 


NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
80 and 125 WATTS 


— I‘ 

— c 

!j_l 

2N6833 7 T 

A ^ 


11 


9S1 

K 

AT ft 

J SECT A A 1 


STYLE 1 

PIN 1 BASE 

2 COLLECTOR — 

3 EMITTER 

4 COLLECTOR 

-» — R 1 

JUj 
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CASE 1-05 


given to facilitate "worst case" design. 


TO-204AA (Formerly TO-3) 


1-359 










2N6833, 2N6834 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic j Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(l C = 100 mA, l B = 0) 

v CE0(sus) 

450* 

— 

— 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

(V C EV = 850 Vdc, V BE (off) = 1 -5 Vdc) 


— 

— 

0.25* 


(V C EV = 850 Vdc, V BE(off) = 1 .5 Vdc, T C = 1 00°C) 


— 

~ 

1.5* 


Collector Cutoff Current 

*CER 

— 

— 

2.5 

mAdc 

(V CE = 850 Vdc, R BE = 50 n, T C = 100°C) 






Emitter Cutoff Current 

'EBO 

— 

— 

1.0* 

mAdc 

(V EB = 6.0 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•S/b 

See Figures 1 5* and 1 6* 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 17 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dC= 1.5 Adc, l B = 0.1 5 Adc) 

(lC = 3.0 Adc, l B = 0.4 Adc) 

(lC = 3.0 Adc, l B = 0.4 Adc, T C = 1 00°C) 

v CE(sat) 

- 

- 

1.0 

2.5* 

2.5* 

Vdc 

Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(lC = 3.0 Adc, l B = 0.4 Adc) 


— 

— 

1.5* 


(l C = 3.0 Adc, l B = 0.4 Adc, T C = 100°C) 


— 

— 

1.5 


DC Current Gain 

h FE 




— 

(l C = 3.0 Adc, V CE = 5.0 Vdc) 


7.5* 

— 

30* 


(IC= 5.0 Adc, V C E = 5.0 Vdc) 


5.0 

— 

— 



DYNAMIC CHARACTERISTICS (2) 


Current Gain - Bandwidth Product 
<V CE = 10 Vdc, l C = 0.25 Adc, f tes t = 10 MHz) 

fT 

15* 

— 

75* 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, ftest = 1 0 kHz) 

c ob 

20* 

— 

200* 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) ] 

Delay Time 

(l C = 3.0 Adc, 

V CC = 250 Vdc, 
lB1 = 0.4 Adc, 

PW = 30 jus. 

Duty Cycle <2.0%) 

(l B2 = 0.8 Adc, 

R B2 = 8.0 Cl) 

id 

— 

30 

100* 

ns 

Rise Time 

tr 

— 

100 

300* 

Storage Time 

is 

— 

1000 

3000* 

Fall Time 

tf 

— 

60 

300* 

Storage Time 

< v BE(off) = 5.0 Vdc) 

t s 

— 

400 

— 

Fall Time 

tf 

- 

130 

- 

Inductive Load (Table 2) | 

Storage Time 

(l C = 3.0 Adc, 

*B1 = 0.4 Adc, 
v BE(off) = 5 0 Vdc, 
v CE(pk) = 400 Vdc > 

(T C = 1 00°C) 

^sv 

— 

500 

1600* 

ns 

Fall Time 

tfi 

— 

100 

200* 

Crossover Time 

tc 

— 

120 

250* 

Storage Time 

(T C = 1 50°C) 

tsv 

— 

600 

— 

Fall Time 

tfi 

— 

120 

— 

Crossover Time 

tc 

— 

160 

— 


(1 ) Pulse Test: PW - 300 jus. Duty Cycle s£2%. 

(2) f j = | hf e | f test 

* Indicates JEDEC Registered Limit 
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lc, COLLECTOR CURRENT <«A) Vqe. COLLECTOR-EMITTER VOLTAGE (VOLTS) ^ hpg, DC CURRENT GAIN 


2N6833, 2N6834 


1.3 


TYPICAL STATIC CHARACTERISTICS 



01 0203 050710 2030 50 70 10 

Iq. COLLECTOR CURRENT (AMPS) 



l B . BASE CURRENT (AMPS) 


IGURE 3 — COLLECTOR-EMITTER SATURATION VOLTAGE 



Iq, COLLECTOR CURRENT (AMPS) 



0 30 I I I I I ■ L J.i l JJ I 1 1 L L.J-J \ 

0 1 0 2 0.5 1.0 2.0 5.0 10 


l C , COLLECTOR CURRENT (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION 



- 0.4 -0 2 0 * 0.2 + 0.4 + 0.6 

Vbe, BASE EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE 
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t c . CROSSOVER TIME (ns) tfj. COLLECTOR CURRENT FALL TIME (ns) ^ 'sv- STORAGE TIMEJns) 


2N6833, 2N6834 


1.3 


TYPICAL DYNAMIC CHARACTERISTICS 

FIGURE 7 - STORAGE TIME FIGURE 8 - STORAGE TIME 




FIGURE 9 - COLLECTOR CURRENT FALL TIME 



10 I I I 1 -i I I I 1 I I 

0.5 0.7 1 0 2 0 3.0 5.0 

1C. COLLECTOR CURRENT (AMPS) 



10l I I 1 — I — 1 I 1 1 1 1 

05 07 10 20 30 50 


l c , COLLECTOR CURRENT (AMPS) 



0.5 0.7 1.0 2 0 3 0 5.0 


1C. COLLECTOR CURRENT (AMPS) 



10 I I I I I I 1 — I 1 1 1 

0 5 0 7 1.0 2.0 3.0 5.0 


l C . COLLECTOR CURRENT (AMPS) 
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I C . COLLECTOR CURRENT (AMPS) 


2N6833, 2N6834 



TIME 


FIGURE 14 - PEAK REVERSE BASE CURRENT 



VBE(off). REVERSE BASE VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 — MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
(2N6833) 



FIGURE 16 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
(2N6834) 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate l(;— V ce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 1 5 and 1 6 are based on Tq = 25°C; 
Tj(pk) »s variable depending on power level. Second break- 
down pulse limits are valid for duty cycles to 1 0% but must 
be derated when Tq ^ 25°C. Second breakdown limita- 
tions do not derate the same as thermal limitations. Allow- 
able current at the voltages shown on Figures 1 5 and 1 6 
may be found at any case temperature by using the appro- 
priate curve on Figures 1 8 or 1 9. 

T J(pk) may be calculated from the data in Figures 20 or 
21 . At high case temperatures, thermal limitations will 


reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
U nder these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable putting reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 17 gives the RBSOA characteristics. 
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2N6833, 2N6834 


FIGURE 17 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 
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VcE(pk). PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 18 - POWER DERATING 
(2N6833) 


FIGURE 19 - POWER DERATING 
(2N6834) 



Tc, CASE TEMPERATURE (°C) 
T, 

td and t r 


TC CASE TEMPERATURE <°C) 



•Tektronix 
P-6042 or 
Equivalent 


TABLE 1 - RESISTIVE LOAD SWITCHING 

I OV — . . — 


+Vdc = 1 1 Vdc 



V C c = 250 Vdc 
R L =83H 
l C = 3.0 Adc 
l B = 0.4 Adc 


~-35 
I H P 214 | 




t s and tf 100 i 

20 < 



1 0 /uF 

;oo2 m f 

— *1 — 1 

1 °^ F 100< 



V CC = 250 I B1 = 0.4 Adc R B1 = 33 O 

R L =83n l B2 = 0.8 Adc R B2 = 8.0n 

lC = 3.0 Adc For V B E( 0 ff) = 5.0 V R B2 = OH 


* Note Adjust -V to obtain desired V BB ( 0 ff) at Point A. 


-3i 










2N6833, 2N6834 


1.3 


TABLE 2 - INDUCTIVE LOAD SWITCHING 


__ Lcoil ^Cpk) 

1 ' v cc 

Tj adjusted to obtain lc(pk) 

v (BR)CEO 

L--10mH 

r B 2 = 30 
V C c = 20 Volts 



Rgj selected for desired Igi 


Rgi selected for desired Igj 


Tektronix 
P-6042 or 
Equivalent 


Scope - Tektronix 
7403 or 

Equivalent Note Adjust -V to obtain desired VgE(off) at Point A. 


*sv 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

tfi< *c 



*C(pk) = 3.0 Amps 
lB1 = 0.4 Amp 
v BE(off) = 50 Volts 
v CE(pk) = 4 00 Volts 
T c = 25°C 
Time Base = 

20 ns/cm 

•C(pk)= 3.0 Amps 
IB 1 = 0.4 Amp 
v BE(off) = 5 0 Vo,ts 
v CE(pk) = 400 Volts 
T c = 25°C 
Time Base = 

20 ns/cm 



I 
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r(t), EFFECTIVE TRANSIENT THERMAL 

RESISTANCE (NORMALIZED) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


2N6833, 2N6834 


THERMAL RESPONSE 

FIGURE 20 - 2N6833 



t. TIME (ms) 


FIGURE 21 - 2N6834 



t. TIME (ms) 
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2N6835 




MOTOROLA 


Designer’s Data Sheet 


SWITCHMODE III SERIES 

ULTRA-FAST NPN SILICON POWER TRANSISTORS 

These transistors are designed for high -voltage, high-speed, 
power switching in inductive circuits where fall time iscritical. They 
are particularly suited for line-operated switchmode applications. 

• Switching Regulators 

t 

• Inverters 

5 

• Motor Controls 

f — N — 0 

• Deflection Circuits s 

pv 

• Fast Turn-Off Times °~ l 

90 ns Inductive Fall Time — 75°C (Typ) 

90 ns Inductive Crossover Time — 75°C (Typ) 
450 ns Inductive Storage Time — 75°C (Typ) 

1 

• Operating Temperature Range -65 to +200°C 


• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 

Leakage Currents 



8 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
150 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheetpermits 
the design of mostcircuitsentirelyfrom 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 


"MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

v CE0(sus) 

450 

Vdc 

Collector-Emitter Voltage 

V CE V 

850 

Vdc 

Emitter Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

«c 

8.0 

Adc 

— Peak (1 ) 

•cm 

16 


Base Current — Continuous 

•b 

6.0 

Adc 

— Peak(1) 

*BM 

12 


Total Power Dissipation @ Tq= 25°C 

PD 

150 

Watts 

@T C = 100°C 


85.5 


Derate above 25°C 


0.86 

W/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 



"THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 

°c 

Purposes: 1 /8" from Case for 5.0 Seconds 





(1 ) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle s% 10%. 
"Indicate JEDEC Registered Data 
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2N6835 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ j Max | Utii7 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

(l c = 100 mA, l B = 0) 

v CE0(sus) 

450* 

- 

— 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

< V CEV = 850 Vdc. v BE(off) = 1 5 Vdc ) 


— 

— 

0.25* 


(V C EV = 850 Vdc. V BE (off) = 1 5 Vdc. T C = 1 00°C) 


— 

— 

1.5* 


Collector Cutoff Current 

'CER 

_ 

_ 

2.5 

mAdc 

(V C E = 850 Vdc, RBE(off) = 50 H. T c = 1 00°C) 


1 




Emitter Cutoff Current 

'ebo 

— 

_ 

1.0* 

mAdc 

(V EB = 6.0 Vdc. I C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 1 5* 

Clamped Inductive SOA with Base Reverse Biased 

RBS0A 

See Figure 1 6 


ON CHARACTERISTICS (1 ) 


Collector-Emitter Saturation Voltage 
(l c = 3.0 Adc, l B = 0.40 Adc) 

(l c = 5.0 Adc, l B = 0.66 Adc) 

(l C = 5.0 Adc, l B = 0.66 Adc, T c = 1 00° C) 

v CE(sat) 

- 

- 

1.2 

2.5* 

3.0* 

Vdc 

Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 5.0 Adc, l B = 0.66 Adc) 


— 

— 

1.5* 


(l c = 5.0 Adc, l B = 0.66 Adc, T c = 1 00°C) 


— 

— 

1.5 


DC Current Gain 

h FE 




_ 

(l C = 5.0 Adc, V CE = 5.0 Vdc) 


7.5* 

— 

30* 


(l C = 8.0 Adc, V C E = 5.0 Vdc) 


4.0* 

— 

— 



DYNAMIC CHARACTERISTICS (2) 


Current Gain - Bandwidth Product 
(V CE = 1 0 Vdc, l C = 0.25 Adc, f tes t = 1 0 MHz) 

*T 

10* 

— 

75* 

MHz 

Output Capacitance 
(V CB = 1 0 Vdc, l E = 0, ftest = 1 0 kHz) 

Cob 

50* 

— 

350* 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) ] 

Delay Time 

(l C = 5.0 Adc, 

V CC = 250 Vdc, 
iBl = 0.66 Adc, 

PW = 30 M s, 

Duty Cycle <2.0%) 

(l B 2= 13 Adc, 

R B 2 = 4.0 H) 

Id 

— 

20 

50* 

ns 

Rise Time 

tr 

— 

85 

250* 

Storage Time 

is 


1000 

2500* 

Fall Time 

tf 

— 

70 

250* 

Storage Time 

< v BE(off) = 5.0 Vdc) 

t s 

— 

500 

— 

Fall Time 

tf 

- 

100 

- 

Inductive Load (Table 2) | 

Storage Time 

(l C = 5.0 Adc, 

I B1 = 0.66 Adc, 
v BE(off) = 5 0 Vdc, 

V C E(pk)=400Vdc) 

(T C =100°C) 

tsv 

— 

700 

1800* 

ns 

Fall Time 

tfi 

— 

80 

200* 

Crossover Time 

t c 

— 

150 

250* 

Storage 1 ime 

(T C = 1 50°C) 

tsv 

— 

800 

— 

Fall Time 

tfi 

— 

80 

— 

Crossover Time 

tc 


200 

- 


(1 ) Pulse Test: PW - 300 ^s, Duty Cycle <2%. 

(2) f T = | she | f test 

* Indicates JEDEC Registered Limit 
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1.3 


TYPICAL STATIC CHARACTERISTICS 
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l C . COLLECTOR CURRENT (AMPS) 



0.1 0.2 0.5 1.0 2.0 5.0 10 

IB- BASE CURRENT (AMPS) 


GURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 



FIGURE 4 — BASE-EMITTER VOLTAGE 
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1.3 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 - STORAGE TIME 


3000 


- VBE(off) = 0 V _ 


VBE(off) = 2-0 V 


500 

400 


- /3f = 5 

- Tj = 75°C 
.V C E(pk) = 400V. 


v BE(off) = 5.0 V - 


2.0 3.0 5.0 7.0 

l C . COLLECTOR CURRENT (AMPS) 


FIGURE 8 — STORAGE TIME 



FIGURE 9 - COLLECTOR CURRENT FALL TIME 




1.0 2.0 3.0 5.0 7.0 10 

Iq, COLLECTOR CURRENT (AMPS) 


FIGURE 1 0 — COLLECTOR CURRENT FALL TIME 
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o i i 1 i i i l i 1 

0 2.0 4.0 6.0 8.0 

V B E(off). REVERSE BASE VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 — MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



q Q2 I — 1— LUJ I I I L- .L 1- LI, 1 J I I 1 

5.0 10 20 50 100 200 300 450 


FIGURE 16 — MAXIMUM REVERSE BIAS 



Vqe. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


VCE(pk). P^K COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc— V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated whenT^^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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FIGURE 17 — THERMAL RESPONSE 
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MOTOROLA 


Designer’s Data Sheet 


SWITCHMODE MISERIES 

ULTRA-FAST NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time iscritical. They 
are particularly suited for line-operated switchmode applications. 


• Switching Regulators 

• Inverters 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

30 ns Inductive Fall Time — 75°C (Typ) 

50 ns Inductive Crossover Time — 75°C (Typ) 
600 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



"MAXIMUM RATINGS 


(1 ) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle ^ 10%. 
'Indicate JEDEC Registered Data 


15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheetpermits 
the design of most circuits entirelyf rom 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case” design. 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

v CE0(sus) 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

850 

Vdc 

Emitter Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

15 

Adc 

— Peak (1 ) 

■cm 

20 


Base Current — Continuous 

■b 

10 

Adc 

— Peak(1) 

■bm 

15 


Total Power Dissipation @ Tq = 25°C 

Pd 

175 

Watts 

@T C = 100°C 


100 


Derate above 25°C 


1.0 

W/°C 

Operating and Storage Junction 

Tj» T s tg 

-65 to +200 

°C 

Temperature Range 



"THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 

Maximum Lead Temperature for Soldering 


275 

°c 

Purposes: 1 /8" from Case for 5.0 Seconds 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic ] Symbol | Min | Typ | Max | UnTT 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 2) 

(l C = 100 mA. I B = 0) 

VcEO(sus) 

450* 

~ 

— 

Vdc 

Collector Cutoff Current 

■CEV 




mAdc 

( V CEV = 850 Vdc, v BE(off) = 1 5 Vdc ) 


— 

— 

0.25* 


(V C £V = 850 Vdc. V B E(off) = 1 8 Vdc, T c = 1 00° C) 


— 

— 

1.5* 


Collector Cutoff Current 

'CER 

— 

— 

2.5 

mAdc 

(V CE = 850 Vdc. R B E = 50 ft, T C = 100°C) 






Emitter Cutoff Current 

'EBO 

— 

— 

1.0* 

mAdc 

(V EB = 6.0 Vdc. Ic = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 

See Figure 1 5* 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 6 


ON CHARACTERISTICS (1 ) 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 5.0 Adc, l B = 0.7 Adc) 

— 

— 

1.2 


(l C = 10 Adc, l B = 1.3 Adc) 


— 

— 

2.5* 


(lC = 10 Adc, l B = 1 .3 Adc, T C = 100°C) 


— 

— 

3.0* 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

dC= 10 Adc. I B = 1.3 Adc) 

— 

— 

1.5* 


(l C = 10 Adc. I B = 1.3 Adc, T C = 100°C) 


— 

— 

1.5 


DC Current Gain 

hFE 




— 

dC= 10 Adc, V C e= 5.0 Vdc) 


7.5* 

— 

30* 


dc = 1 5 Adc. Vce = 5.0 Vdc) 


5.0* 

— 

- 



DYNAMIC CHARACTERISTICS (2) 


Current Gain - Bandwidth Product 
(Vce = 1 0 Vdc, l C = 0.25 Adc, f tes t = 1 0 MHz) 

fT 

10 * 

— 

75 * 

MHz 

Output Capacitance 
(V C B = 10 Vdc, l E = 0, ftest = 1 0 kHz) 

Cob 

50 * 

— 

400* 

pF 


SWITCHING CHARACTERISTICS 


| Resistive Load (Table 1) | 

Delay Time 

(l C = 10 Adc, 

V C c = 250 Vdc, 

I B 1 = 1.3 Adc, 

PW = 30 /is, 

Duty Cycle ^2.0%) 

0B2 = 2.6 Adc, 

RB2= 1 6 ft) 

td 

— 

20 

100* 

ns 

Rise Time 

tr 

— 

200 

500* 

Storage Time 

t s 

— 

1200 

3000* 

Fall Time 

tf 

— 

200 

350* 

Storage Time 

(V B E(off) = 5.0 Vdc) 

t S 

— 

650 

— 

Fall Time 

tf 

— 

80 

— 

| Inductive Load (Table 2) 

Storage Time 

(I C = 10 Adc, 

I B 1 = 1.3 Adc, 
v BE(off) =5 0 Vdc, 
v CE(pk) = 400 Vdc) 

(T C = 1 00°C) 

tsv 

- 

800 

1800* 

ns 

Fall Time 

tfi 

— 

50 

200* 

Crossover Time 

tc 

— 

90 

250* 

Storage Time 

(T C = 150°C) 

tsv 

— 

1050 

— 

Fall Time 

tfi 

— 

70 

— 

Crossover Time 

tc 

- 

120 

— 


(1 ) Pulse Test: PW - 300 /as. Duty Cycle s£2%. 

(2) ff = | she | f test 

* Indicates JEDEC Registered Limit 
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TYPICAL STATIC CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


T C - 100°C 



02 05 10 20 50 10 20 


1C. COLLECTOR CURRENT (AMPS) 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

l B . BASE CURRENT (AMPS) 


FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 



l C . COLLECTOR CURRENT (AMPS) 



0 15 0 20 0 30 0 50 0 70 1 0 2 0 3 0 5 0 7 0 10 15 

l C , COLLECTOR CURRENT (AMPS) 



-0.4 -0.2 0 +0.2 +0.4 „ +0.6 


V B £, BASE EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE 



V R . REVERSE VOLTAGE (VOLTS) 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 - STORAGE TIME 



3.0 5.0 7.0 10 

l C , COLLECTOR CURRENT (AMPS) 



1.5 2 0 3 0 5.0 7.0 10 15 

l C . COLLECTOR CURRENT (AMPS) 


FIGURE 9 - COLLECTOR CURRENT FALL TIME FIGURE 10 - COLLECTOR CURRENT FALL TIME 
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TIME 



0 1.0 2.0 3.0 4.0 5.0 

V B E( 0 ff). REVERSE BASE VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



5.0 10 20 30 50 70 100 200 300 450 

V C e. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 16 — MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



100 150 200 250 350 450 600 700 850 

VCE(pk). PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tq = 25°C; T j( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 1 0% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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FIGURE 17 - THERMAL RESPONSE 
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1.3 


TABLE 2 - INDUCTIVE LOAD SWITCHING 


___ 1-coil (*Cpk) 

1 ~ v cc 

Ti adjusted to obtain iQpk) 

V(BR)CEO 

L = 10 mH 

RB2 = °° 

Vcc = 20 Volts 



‘Tektronix 
P-6042 or 
Equivalent 


Scope - Tektronix 
7403 or 

Equivalent Note Adjust -V to obtain desired VBE(off) at Point A. 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


tsv 


tfi. t c 


'C(pk) = 10 Amps 
|01 = 1 0 Amp 
v BE(off) = 5.0 Volts 
v CE(pk) = 400 Volts 
Tq = 25°C 
Time Base = 

100 ns/cm 


l C(pk)= 10 Amps 
IB 1 = 1 0 Amp 
v BE(off) = 5.0 Volts 
v CE(pk) = 400 Volts 
T c = 25°C 
Time Base = 

20 ns/cm 
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Designer’s Data Sheet 


SWITCHMODE III SERIES 

ULTRA-FAST NPN SILICON POWER TRANSISTORS 

This transistor is designed for high-voltage, high-speed, power 
switching in inductive circuits where fall time is critical. They are 
particularly suited for line-operated switchmode applications. 

Typical Applications: 

• Switching Regulators 

• Inverters 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

30 ns Inductive Fall Time — 75°C (Typ) 

40 ns Inductive Crossover Time — 75°C (Typ) 

800 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to + 200°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage* 

VCEO(sus) 

450 

Vdc 

Collector-Emitter Voltage* 

VCEV 

850 

Vdc 

Emitter Base Voltage* 

Veb 

6.0 

Vdc 

Collector Current — Continuous* 

'c 

20 

Adc 

— Peak (1) 

•cm 

30 


Base Current — Continuous* 

■b 

15 

Adc 

— Peak (1) 

IBM 

20 


Total Power Dissipation @ Tc = 25°C* 

PD 

250 


@ T C = 100°C 


143 


Derate above 25°C 


1.43 


Operating and Storage Junction* 

T J- T s tg 

—65 to + 200 

°C 

Temperature Range 




•THERMAL CHARACTERISTICS 


Characteristic 




Thermal Resistance, Junction to Case* 

R&jc 

0.7 


Maximum Lead Temperature for Soldering* 
Purposes: Vs" from Case for 5 Seconds 



H 


(1) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle « 10%. 
indicate JEDEC Registered Data 




20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
250 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit data — representing device 
characteristics boundaries — are given to facil- 
itate "worst case" design. 





mmm m 

■nzsnoH 



A, Ml'* 

ISEUi 

n 

EE1 


PH 

BB1 






ES 

1*1* 


■HW 

BBjU 

mm 

MW* 


Ej31 



heh 


HBB 

msm 

« 




nua 

mm 


ma 


lif L r il 

mm 




HB1 


■EEI 

inn 


■>1^-1 

«r5 

KEKK3 


BEg 

EEH1 


KO 



■onf-ifc 

mm 




BfiVfil 


CASE 197-01 

TO-204AE (Type) Modified TO-3 


1.3 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted). 

Characteristic | Symbol j Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(l C = 100 mA, l B = 0) 

VCEO(sus) 

450* 

— 

- 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

(V C EV = 850 Vdc, V B E(off) = 1.5-Vdc) 


— 

— 

0.25* 


(V C EV = 850 Vdc, V B E(off) = 15 Vdc, T C = 100°C) 


— 

— 

1.5* 


Collector Cutoff Current 

'CER 

— 

— 

2.5 

mAdc 

(V C E = 850 Vdc, Rbe = 50 ft, Jq = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

_ 

1.0* 

mAdc 

(Veb = 6.0 Vdc, lc = 0) 

l 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 

See Figure 15* 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(1C = 10 Adc, l B = 1.2 Adc) 

OC = 15 Adc, Ib = 2.0 Adc) 

dC = 15 Adc, Ib = 2.0 Adc, T C = 100°C) 

v CE(sat) 

- 

- 

1.5 

3.0* 

3.0* 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 15 Adc, Ib = 2.0 Adc) 


— 

_ 

1.5* 


OC = 15 Adc, l B = 2.0 Adc, T C = 100°C) 


— 

— 

. 1.5 


DC Current Gain 

hFE 




_ 

dC = 15 Adc, Vqe = 5.0 Vdc) 


7.5* 

— 

30* 


dc = 20 Adc, Vce = 5.0 Vdc) 


5.0 

— 

— 



DYNAMIC CHARACTERISTICS (2) 


Current Gain — Bandwidth Product 
(Vce = 10 Vdc, lc = 0.25 Adc, f tes t = 10 MHz) 

fT 

10* 



— 

75* 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f t est = 10 kHz) 

^ob 

100* 

— 

500* 

i 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(l C = 15 Adc, 

V C c = 250 Vdc, 
lB1 == 2.0 Adc, 

PW = 30 ns, 

Duty Cycle 2.0%) 

0B2 - 4 -0 Adc, 

R B 2 = 1.6 ft) 

Id 

— 

20 

100* 

ns 

Rise Time 

tr 

— 

200 

500* 

Storage Time 

Is 


1200 

2700* 

Fall Time 

tf 

— 

200 

350* 

Storage Time 

(VBE(off) = 5.0 Vdc) 

Is 

— 

650 

— 

Fall Time 

tf 

— 

80 

— 

Inductive Load (Table 2) | 

Storage Time 

(l C = 15 Adc, 
l B i = 2.0 Adc, 
VBE(off) “ 5.0 Vdc, 
VcE(pk) = 400 Vdc) 

(T C = 100°C) 

tsv 

— 

800 

2700* 

ns 

Fall Time 

tfi 

— 

50 

200* 

Crossover Time 

tc 

— 

90 

250* 

Storage Time 

(T C = 1 50°C) 

tsv 

— 

1050 

— 

Fall Time 

tfi 

— 

70 

— 

Crossover Time 

tc 

- 

120 

— 


(1) Pulse Test: PW — 300 jis, Duty Cycle < 2.0%. 

<2)fT = IhfElfast 

•Indicates JEDEC Registered Limit 
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TYPICAL STATIC 


FIGURE 1 — DC CURRENT GAIN 



FIGURE 3 — COLLECTOR-EMITTER SATURATION REGION 




-04 -02 0 ♦ 02 *04 *06 


V 8E . BASE EMITTER VOLTAGE (VOLTS) 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 — STORAGE TIME 


FIGURE 8 — STORAGE TIME 


_V B E( 0 ff) = OVoltsI 


v BE(off) = 0 v °^ 


J^BE<off) = 2 0 Volts _ 
v BE(off) = 5.0 Volts 


- v BE(off) = 2 -.° Vol ' s - 


- v BE(off) = 5 0 Volts _ 

irrrr- 


2 0 3.0 5.0 7.0 10 

l C . COLLECTOR CURRENT (AMPS) 


2.0 3 0 5.0 7.0 10 

l c , COLLECTOR CURRENT (AMPS) 


FIGURE 9 — COLLECTOR CURRENT FALL TIME 


VBE(off) = 2.0 Volts 


« IPO ) v BE(off) = 0 Volts- 

| 7Q = ■ = 

o 50 — 

fe — /3f = 5 

g 30 — Tj = 75°C 

S 20 — Vcc = 20 Volts 


3.0 5.0 7.0 10 

l C . COLLECTOR CURRENT (AMPS) 


, 

— 

-VBE(off) = ! 

j.O Volts. 






\=4 




X 









FIGURE 10 — COLLECTOR CURRENT FALL TIME 


= 2.0 Volts^a^BE(off) = 5.0 Volts 


100 | VBE(off) = 0 Volts- 

70 - - ■ ]• ■■ = 

50 

30-/3 f = 10 

20 _Tj = 75o C 

_V C C = 20 Volts 

ioL L ... 

2.0 3.0 


5.0 7.0 10 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 11 — CROSSOVER TIME 

r~r "i " i i" it t" 

==tVBE(off) = 5 0 yolts-l j ~ . -I - 


v BE(off) = 2 0 Volts 



S 70h 1 | | 

* 50-01=5 

~ Tj = 75°C ; 

30 ~ Y CC = 20 Volts 

20 4 

. isl 1 — — — . 

2.0 3.0 4.0 5.0 7.0 8.0 10 

1 C . COLLECTOR CURRENT (AMPS) 
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^ 500 



c 
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'“VBE(off) = 

jTvoii? 


XX. 


1 
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v BE(off) = 
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30 

20 

15 
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FIGURE 12 — CROSSOVER TIME 


V B E(off) = 5 0 Volts 


1C, COLLECTOR CURRENT (AMPS) 
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TIME 


FIGURE 14 — REVERSE BASE CURRENT 



GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 — MAXIMUM FORWARD BIAS FIGURE 16 — MAXIMUM RATED REVERSE BIAS 

SAFE OPERATING AREA SAFE OPERATING AREA 




SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
( C — V CE limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second break- 
down pulse limits are valid for duty cycles to 10% but 
must be derated when Tc^25°C. Second breakdown 
limitations do not derate the same as thermal limita- 
tions. Allowable current at the voltages shown on Figure 
15 may be found at any case temperature by using the 
appropriate curve on Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable during 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 16 gives the RBSOA 
characteristics. 
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rft), TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


2N6837 


FIGURE 17 — THERMAL RESPONSE 



t, TIME (MS) 



0 40 80 120 160 200 


Tq. CASE TEMPERATURE (°CI 



*Note: Adjust -V to obtain desired VB£( 0 ff) at Point A. 
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2N6837 


1.3 


TABLE 2 — INDUCTIVE LOAD SWITCHING 


Ti ~ *-coil fcpk) 

vcc 

T-| adjusted to obtain lc(pk) 


V(BR)CEO 
L = 10 mH 

R B 2 = 00 
V C c = 20 Volts 

♦Tektronix 
P-6042 or 
Equivalent 



Scope — Tektronix 
7403 or 

Equivalent Note: Adjust — V to obtain desired VBE(off) at Point A. 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

tsv tfj. tc 


*C(pk) = 15 A 
l B i = 2.0 A 
v BE(off) = 5.0 Volts 
v CE(pk) = 400 Volts 
T C - 25°C 
Time Base = 200 
ns/cm 


VCE(pk) ■■ 



'C(pk) = 15 A 
I B 1 = 2.0 A 
v BE(off) = 5.0 Volts 
v CE(pk) = 400 Volts 
T C = 25°C 
Time Base = 200 
ns/cm 



ti. • . -• 


i 


1-387 




1.3 



2 
205 


MOTOROLA 


Designers Data Sheet 


HORIZONTAL DEFLECTION TRANSISTOR 


. . . specifically designed for use in large screen color deflection 
circuits. 


• Collector-Emitter Voltage - Vq^x = 1300 Vdc - BU204 

1500 Vdc — BU205 

• Glassivated Base-Collector Junction 

• Switching Times with Inductive Loads — 

tf = 0.65 ps (Typ) @ Iq = 2A 



MAXIMUM RATINGS 


Rating 

Symbol 

Collector-Emitter Voltage 

VcEO(sus) 

Collector-Emitter Voltage 

VCEX 

Emitter Base Voltage 

V EB 

Collector Current — Continuous 

•c 

-Peak (1) 

•cm 

Base Current - Peak (1 ) 

! bm 

Total Power Dissipation @ Tq = 25°C 
@ T C = 90°C 

Derate above 25°C 

Pd 

Operating and Storage Junction 

Temperature Range 

Tj* T stg 




THERMAL CHARACTERISTICS 



2.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

1300 AND 1500 VOLTS 
36 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


1 DIMENSIONS Q AND V ARE DATUMS 

2 PTI is SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLEQ. 

1 + | >.13 (0 005)© [ T 1 V~©~[ 

FOR LEAPS 

I ♦ I $.13 (0.005),® T I V® I Q® 


MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A - ~39.37 - 1.550 

B - ~21.08 1 - 0,830 
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BU204, BU205 


ELECTRICAL CHARACTERISTICS He = 25° unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit | 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(Iq = 100 mAdc, l B = 0) 

BU204 

BU205 

v CE0(sus) 


— 

_ 


Collector Cutoff Current 


*CES 


■ 



(V CE = 1 300 Vdc, V BE = 0) 

BU204 


- 

\ ■ 



(V CE - 1500 Vdc. V BE =0) 

BU205 


- 




Emitter Base Voltage 


V£BO 

5.0 

- 

_ 


(l E = 10 mA. I C = 0) 








ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(Iq = 2.0 Adc, l B * 1 .0 Adc) 

VCE(sat) 

- 

- 

5.0 


Base Emitter Saturation Voltage 
(I c = 2j 0 Adc, 1 B = 1 .0 Adc) 

v BE(sat) 

- 

- 

1.5 


Second Breakdown Collector Current with Base 

Forward Biased 

'S/B 

See Figure 14 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 

(IC -0.1 Adc, V CE = 5X) Vdc. f test = 10 MHz) 

it 

- 

4.0 

- 

MHz 

Output Capacitance 

(Vqb = 10 Vdc. l£ = 0. f = 1 .0 MHz) 

C 0 b 

— 

50 

— 

PF 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 

_ 

0.65 

_ 

MS 

(Iq = 2.0 Adc, I B 1 = 1 JO Adc, Lg = 25 mH) (See F igure 1 ) 







(1) Pulse Test: Pulse Width < 300 ns. Duty Cycle = 2%. 


FIGURE 1 - TEST CIRCUIT 


Width < 
Adj 



Capacitor values in pF 
resistors are % watt 


>1500 
<2.0 W 
2500 < 

2.0 W 0.005/500 V • 

H(- 

0.1/50 V 



*c 

<- 


Esza 


Eaa 

1.5 

2.18 mH 

E3BI 

2.0 

1.6 mH 

.008 nf 


Common + 1 25 V 


DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A-05-1/4" laminate "E" iron 
core. Primary Inductance— 39 mH. Secondary Inductance— 22 mH, 
Leakage Inductance with primary shorted — 2.0 mH, Primary 260 
turns #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 


1-389 














BU204, BU205 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from the 
fact that good saturation of the output device, prior to 
turn-off, must be assured. This is accomplished by pro- 
viding more than enough Ibi to satisfy the lowest gain 
output device hpj= at the end of scan I CM- Worst case 
component variations and maximum high voltage loading 
must also betaken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lb is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables OcM* *B1 » ancJ h FE at ICM)- 
One method is to plot fall time as a function of Lb, at the 
desired conditions, for several devices within the hpE 
specification. A more informative method is to plot power 
dissipation versus Ibi for a range of values of Lb as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low Ig-j) is caused by saturation losses. The positive 
slope portion at higher Ibi , and low values of Lb is due to 
switching losses as described above. Note that for very low 
Lb a very narrow optimum is obtained. This occurs when 
IBI h FE = ICM, and therefore would be acceptable only 
for the "typical" device with constant IcM- As Lb is in- 
creased, the curves become broader and flatter above the 
IBI h FE = I CM point as the turn-off "tails" are brought 
under control. Eventually, if Lb is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hp£, essen- 
tially moves the curves to the left or right according to the 
relation Ibi hp|= = constant. It then becomes obvious 
that, for a specified I cm* an l-B can be chosen which will 
give low dissipation over a range of hj=|= and/or Ibi - The 
only remaining decision is to pick Ibi high enough to 
accommodate the lowest hpE P art specified. Figure 8 
gives values recommended for Lb and Ibi for this device 
over a wide range of Iqm- These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lb nor Ibi are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 



(time) (time) 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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, INPUT POWER (WATTS) P jn , INPUT POWER (WATTS) 


BU204, BU205 



lB1, BASE CURRENT (AMP) lB1. BASE CURRENT (AMP) 


FIGURE 7 - SWITCHING BEHAVIOR versus 

FIGURE 6 - OPTIMIZING DRIVE @ l c = 2.0 A TEMPERATURE 



lB1, BASE CURRENT (AMP) Tc, CASE TEMPERATURE (°C) 


FIGURE 8 - OPTIMUM DRIVE CONDITIONS FIGURE 9 - SWITCHING BEHAVIOR versus l C M 



ICM. COLLECTOR CURRENT (AMP) lCM. COLLECTOR CURRENT (AMP) 
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BU204, BU205 


FIGURE 10 - THERMAL RESPONSE 












MOTOROLA 


BU207 

BU208 


Designers Data Sheet 


HORIZONTAL DEFLECTION TRANSISTOR 


. . . specifically designed for use in large screen color deflection 
circuits. 


Collector-Emitter Voltage — 

VCEX = 1300 Vdc — BU207 
1500 Vdc — BU208 

Collector-Emitter Sustaining Voltage — 
v CEO(sus) = 600 Vdc - BU207 
700 Vdc - BU208 

Switching Times with Inductive Loads, tf = 0.4 jlis (Typ) @ 
l c = 4.5 A 

Optimum Drive Condition Curves 
Glass Base-Collector Junction 


5 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

1300 AND 1500 VOLTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 


•MAXIMUM RATINGS 

Rating 

Symbol 

BU207 

BU208 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

600 

700 

Vdc 

Collector-Emitter Voltage 

VCEX 

1300 

1500 

Vdc 

Emitter Base Voltage 

V EB 

5 

Vdc 

Collector Current — Continuous 

•c 


5 

Adc 

Peak (1) 

■cm 


7.5 


Base Current - Peak (1 ) 

■bm 

4 . 

Adc 

Total Power Dissipation @ Tq = 95°C 

Pd 


12.5 

Watts 

Derate above 95°C 



0.625 

W/°C 

Operating and Storage Junction 

T J, T stg 


-65 to +115 

°C 

Temperature Range 






THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0jc 

1.6 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 


275 

°c 

Purposes: 1/8” from Case for 5 Seconds 






(1 ) Pulse Test: Pulse Width - 5 ms, Duty Cycle < 10%. 




1. DIMENSIONS Q AND V ARE DATUMS. 

2. GD IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLEQ- 

| + | 1 13 (0.005) © | T | V<S> I 

FOR LEADS 

| + | H3(0.005)©T | v@) a©) 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39 37 


1.550 

B 

~ 

21.08 


0.830 

C 

6.35 

7 62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

“IP 

1-40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1 18 

BSC 

G 

10.92 BSC 

0.43 

BSC 

H 

5.46 BSC 

0.21 

BSC 

J 

16.89 BSC 

0.66! 

> BSC 

K 

11.18 1 12.19 

0.440 1 

0.480 

Q 

3.81 4.19 

0150 

0.165 

R 

- 26 67 


1.050 

U 

4.83 5 33 

0190 

0.210 

V 

3.81 1 4.19 

0.150 

0.165 
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BU207, BU208 


ELECTRICAL CHARACTERISTICS (T q = 25° unless otherwise noted.) 

Characteristic j Symbol | Min { Typ | Max | Unit j 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage 

Oc = 100 mAdc, Ib = 0) 

BU207 

BU208 

v CE0(sus) 

600 

700 

- 

- 

Vdc 

Collector Cutoff Current 


'CES 




mAdc 

(VCE - 1300 Vdc, V B E = 0) 

BU207 


- 

- 

1.0 


(Vqe = 1500 Vdc, V B e “ 0) 

BU208 


- 

- 

1.0 


Emitter Base Voltage 


v EB0 

5.0 

- 

- 

Vdc 

(l E = 10 mA, l C « 0) 








ON CHARACTERISTICS (1) 


DC Current Gain 

(lC = 4.5 Adc, Vqe = 5 Vdc) 

h FE 

2.25 

- 

- 

- 

Collector-Emitter Saturation Voltage 
(lC = 4.5 Adc, Ib =2 Adc) 

v CE(sat) 

- 

- 

5 

Vdc 

Base Emitter Saturation Voltage 

Oc = 4.5 Adc, l B = 2 Adc) 

v BE(sat) 

- 

- 

1.5 

Vdc 

Second Breakdown Collector Current with Base 

Forward Biased 

'S/b 


See Figure 14 



DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

(lC = 0.1 Adc, Vce = 5.0 Vdc, f test = 1 MHz) 

IT 

- 

4.0 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

— 

125 

~ 

pF 


SWITCHING CHARACTERISTICS 


Fall Time 

Oc = 4.5 Adc, Ib = 1.8 Adc, 

tf 


0.6 


/is 


Lb = 10 mH, see Figure 1 ) 







(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2 %. 


FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 



Com +125 V 

DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A-05-1 /4" laminate "E" iron core. 
Primary Inductance — 39 mH, Secondary Inductance — 0.22 mH, 
Leakage Inductance with primary shorted — 2.0 mH. Primary 260 
turns, #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 


'c 

A 

L 

mH 

C 

mf 

3.5 

0.87 

0.013 

4.5 

0.67 

0.017 
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BU207, BU208 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough Ig-j to satisfy the lowest gain 
output device hpg at the end of scan Iq^. Worst-case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lg is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables (Iq^, Ig-j, and hpg at Iq^). 
One method is to plot fall time as a function of Lg, at the 
desired conditions, for several devices within the h F E 
specification. A more informative method is to plot power 
dissipation versus Ig-j for a range of values of Lg as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low I g -j ) is caused by saturation losses. The positive slope 
portion at higher Ig-j, and low values of Lg is due to 
switching losses as described above. Note that for very low 
Lg a very narrow optimum is obtained. This occurs when 
*B1 h FE = *CM' and therefore would be acceptable only 
for the "typical" device with constant Iq^/j. As Lg is in- 
creased, the curves become broader and flatter above the 
I b 1 hpE = *CM P° int as the turn-off "tails" are brought 
under control. Eventually, if Lg is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpg, essen- 
tially moves the curves to the left or right according to the 
relation Ig^ hpg = constant. It then becomes obvious 
that, for a specified Iq^, an Lg can be chosen which will 
give low dissipation over a range of hpp and/or Igj. The 
only remaining decision is to pick lg<| high enough to 
accommodate the lowest hpp part specified. Figure 8 
gives values recommended for Lg and lg^ for this device 
over a wide range of Iq^/j. These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lg nor lg-| are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 



(time) (time) 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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INPUT POWER (WATTS) 



0.5 1 1.5 

l B i, BASE CURRENT (AMP) 

FIGURE 6 - SWITCHING BEHAVIOR versus 
TEMPERATURE 

•CM - 3.5 A, l B - 1.5 A, L b = 14 mH 


CHING BEHAVIOR versus 
PERATURE 
B = 1.75 A. L B = 8 juH 
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T C , CASE TEMPERATURE (<>C> 

FIGURE 8 - OPTIMUM DRIVE CONDITIONS 
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>E TEMPERATURE (°C) 


)HING BEHAVIOR versus Iqm 
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>B1 


NOMINAL 
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I CM. COLLECTOR CURRENT (AMP) 


ICM, COLLECTOR CURRENT (AMP) 


s , STORAGE TIME (ms) t s , STORAGE TIME (ms) 






V. VOLTAGE (VOLTS) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



t, TIME (mS) 


FIGURE 11 - COLLECTOR SATURATION REGION 




0.05 0 07 0.1 0.2 0.3 0 5 0.7 1 2 3 5 

1C. COLLECTOR CURRENT (AMP) 


FIGURE 13 - "ON" VOLTAGES 



l C , COLLECTOR CURRENT (AMP) 


FIGURE 14-MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
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MOTOROLA 


NPN SILICON HORIZONTAL DEFLECTION TRANSISTOR 
WITH INTEGRATED DAMPER DIODE 

. . . specifically designed for use in large screen color deflection 
circuits 


• V C ES ~ 1500 V; 
v CE0(sus) = 700 V (min) 

• Low saturation; 

v CE(sat) = 1 -0 V (max) @ l c = 4.5 Adc 



MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


5 AMPERES 

NPN SILICON 
POWER TRANSISTORS 

1500 VOLTS 
60 WATTS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

700 

Vdc 

Collector-Emitter Voltage (Rgg = 0) 

V CES 

1500 

Vdc 

Emitter Base Voltage 

Veb 

5.0 

Vdc 

Collector Current — Continuous 

>C 

5.0 

Adc 

— Peak 

>CM 

7.5 


Base Current — Peak 

'B 

3.5 

Adc 

Total Device Dissipation Tq = 25°C 

Pd 

60 

Watts 

Derate above 25°C 


0.666 

W/°C 

Operating and Storage Junction 

T J< T stg 

-65 to 1 1 5 

°C 

Temperature Range 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.5 

°C/W 


FIGURE 1 - POWER DERATING 


0 i .u 

S 

< 

1 0.8 
z 

z 

o 

5 0.6 

a- 
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a. 

? 0.2 

s 
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a. 
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25 50 7 

Tc- C 

5 100 125 150 1 

^SE TEMPERATURE (°C) 

75 2C 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GE] IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

1 + | jl3 (0.005) © 1 T 1 V© 1 

FOR LEADS: 

| ♦ 1 1-13 10.005) ©T | V© | Q@1 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 



MILLIMETERS 

INCHES 

DIM 

MIN | MAX 

MIN 

MAX 

A 

39.37 


1.550 

B 

- | 21 08 

- 

0 830 

C 

6.35 7.62 

0 250 

0 300 

D 

0.97 1 1.09 

0 038 

0.043 

E 

1.401 178 

0 055 

0.070 

F 

30,15 BSC 

1.18 

7 BSC 

G 

10.92 BSC 

0 430 BSC 

H 

5.46 BSC 

0 215 BSC 

J 

16.89 BSC 

0.665 BSC 

~ir 

11 18 1 12 19 

0.440 

0.480 

0 

3.81 4.19 1 

0 150 

0.165 

R 

26.67 

- 

1.050 

~U~ 

4.83 5.33 

0.190 

0.210 

~v~~! 

3.81 | 4 19 

0.150 

0.165 


CASE 1-05 
TO-204AA (Type) 
(Formerly TO-3) 
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BU208D 


1.3 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic j Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

<I C = 100 mAdc, l B = 0, L = 25 mH, V c | amp = 800 V) 

v CE0(sus) 

700 

— 

Vdc 

Collector Cutoff Current 
(V CE = 1 500 Vdc, V B e = 0) 

'CES 

— 

1.0 

mAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, l C = 0) 

•ebo 

— 

300 

mAdc 


ON CHARACTERISTICS (1) 


Diode Forward Voltage 
(l F =4.0 A) 

v F 


2.0 

Vdc 

Collector-Emitter Saturation Voltage 
(l c = 4.5 Adc, Ib = 2.0 Adc) 

v CE(sat) 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 4.5 Adc, Ib = 2.0 Adc) 

v BE(sat) 

— 

1.5 

Vdc 


SWITCHING CHARACTERISTICS (Inductive Load) 


Fall Time 

(1C (end) = 4.5 Adc, Vqc = 140 Vdc, 

tf 

— 

0.6 (typ) 

MS 


l B (end) = 1 .8 A, L C = 0.9 mH, L B = 1 0 M H) 






(1 ) Pulse Test. PW = 300 /us, Duty Cycle < 3%. 


I 
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NPN POWER TRANSISTORS 

These devices are high voltage, high speed transistors for hor- 
izontal deflection output stages of TV's and CRT's. 

• High Voltage: 

V C EV = 330 or 400 V 

• Fast Switching Speed: 
tf = 750 ns (max) 

• Low Saturation Voltage: 
v CE(sat) = 10 V (max) @ 5.0 A 

• Packaged in Compact JEDEC TO-220AB 




MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Collector Current — Continuous 
Peak Repetitive 
Peak (10 ms) 


Base Current 

Total Device Dissipation, Tc = 25°C 
Derate above Tp = 25°C 

Operating and Storage 
Junction Temperature Range 

THERMAL CHARACTERISTICS 


Symbol BU406 BU407 Unit 


v CEO 



Characteristic 

Symbol 

IKMPil 

Thermal Resistance, Junction to Case 

R&jc 

memwssm 

Thermal Resistance, Junction to Ambient 

r &ja 

70 

°c/w I 

Lead Temperature for Soldering Purposes: 

1/8" from Case for 5.0 Seconds 

t L 


HI 



MOTOROLA 


7.0 AMPERE 
NPN SILICON 
POWER TRANSISTORS 
60 WATTS 
150 and 200 VOLTS 
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hFE DC CURRENT GAIN 


BU406, BU407 


ELECTRICAL CHARACTERISTICS (T c - 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage^) 

OC = 100 mAdc, l B = 0) BU406 

BU407 

VCEO(sus) 

200 

150 

1 



- 

Vdc 

Collector Cutoff Current 

>CES 




mAdc 

(Vqe = Rated VcEV* V B e = 0) 


— 

— 

5.0 


(Vce = Rated Vceo + 50 Vdc, V B e = 0) 


— 

— 

0.1 


(V C E = Rated V C EO + 50 Vdc, V B e = 0, T C = 150°C) 


— 

— 

1.0 


Emitter Cutoff Current 

•ebo 

_ 

_ 

1.0 

mAdc 

(V EB = 6.0 Vdc, lc = 0) 







ON CHARACTERISTICS <1) 


Collector-Emitter Saturation Voltage 
«C = 5.0 Adc, l B = 0.5 Adc) 

VCE(sat) 

— 

— 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(\q = 5.0 Adc, l B = 0.5 Adc 

VBE(sat) 

— 

— 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(1C = 0.5 Adc, V C E = 10 Vdc, f test = 20 MHz) 


10 

— 

— 

MHz 

Output Capacitance 
(Vcb = 10 Vdc, | E = 0, f = 1.0 MHz) 

C 0 b 

— 

80 

— 

PF 


SWITCHING CHARACTERISTICS 


Inductive Load Crossover Time 

tc 

_ 

— 

0.75 


(V C c = 40 Vdc, lc = 5.0 Adc, 
l B i = l B2 = 0.5 Adc, L = 150 /tiH) 







(1) Pulse Test: Pulse Width 300 jis, Duty Cycle « 1%. 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10.0 

1C, COLLECTOR CURRENT (AMPS) 


FIGURE 2 — MAXIMUM RATED FORWARD 
BIAS SAFE OPERATING AREA 
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BU806 

BU807 




MOTOROLA 


NPN DARLINGTON POWER TRANSISTORS 


These Darlington transistors are high voltage, high speed devices 
for horizontal deflection circuits in TV's and CRT's. 

• High Voltage: Vqev 3 330 or 400 V 

• Fast Switching Speed: 

* 



t c = 1.0 jus (max) r 



i 

• Low Saturation Voltage: I 

K* 


1 

1 

v CE(sat) = 1 -5 V (max) °“f"^ 

• Packaged in JEDEC TO-220AB S 

• Damper Diode Vp is specified. i 

V F = 2.0 V (max) L- 


1 

r i 

i 

i 



i 

<! 




8.0 AMPERE 

DARLINGTON 
NPN POWER 
TRANSISTORS 

60 WATTS 
150 and 200 VOLTS 



MAXIMUM RATINGS 





Rating 

Symbol 

BU806 

BU807 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

150 

Vdc 

Collector-Emitter Voltage 

V CEV 

400 

330 

Vdc 

Collector-Base Voltage 

v CBO 

400 

330 

Vdc 

Emitter-Base Voltage 

v EBO 

6.0 

Vdc 

Collector Current — Continuous 
— Peak 

'c 

8.0 

15 

Adc 

Emitter-Collector Diode Current 

If 

10 

Adc 

Base Current 

•b 

2.0 

Adc 

Total Device Dissipation, Tc = 25°C 

Pd 

60 

Watts 

Derate above Tq = 25°C 


0.48 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj, 

T stg 

-65 to 150 

°C 

THERMAL CHARACTERISTICS 





Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 


R 0JC 

2.08 

°C/W 

Thermal Resistance, Junction to Ambient 


R 0JA 

70 

°c/w 

Lead Temperature for Soldering Purposes, 
1/8" from Case for 5.0 Seconds 


Tl 

275 

°c 








NOTES 

1 DIMENSION H APPLIES TO ALL LEADS 

2 DIMENSION L APPLIES TO LEADS 1 
AND 3 

3 DIMENSION Z DEEINES A ZONE WHERE 
ALL BODY AND LEAD IRREGULARITIES 
ARE ALLOWED 

4 DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5M, 1982 

5 CONTROLLING DIMENSION INCH 


mm 
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CASE 221 A-02 
TO-220AB 


1-402 









BU806, BU807 


ELECTRICAL CHARACTERISTICS Oc = 25°C unless otherwise noted) 

Char acteristic j Symbol | Min [ Typ j MaZ [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) BU806 

(l C = lOOmAdc, l B = 0) BU807 

v CEO(sus) 

200 

150 

— 

— 

Vdc 

Collector Cutoff Current 
(Vce = Rated VcbO- v BE = 0) 

'CES 

— 

— 

100 

juAdc 

Collector Cutoff Current 
(Vce = Rated VqeV- v BE(off) = 6.0 Vdc) 

•CEV 

— 

— 

100 

juAdc 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, lc = 0) 

*EBO 

— 

— 

3.0 

mAdc 

ON CHARACTERISTICS (1) 






Collector-Emitter Saturation Voltage 
(l c = 5 0 Adc, l B = 50 mAdc) 

v CE(sat) 

— 

— 

1 5 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 5.0 Adc, l B = 50 mAdc) 

v BE(sat) 

— 

— 

2 4 

Vdc 

Emitter-Collector Diode Forward Voltage 

0F = 4.0 Adc) 

v F 

— 

— 

2.0 

Vdc 


SWITCHING CHARACTERISTICS 


Turn-On Time 

(Resistive Load, Vce = Vdc, 

lc = 5.0 Adc, l B i = 50 mAdc, 
l B 2 = 500 mAdc) 

ton 

ts 

tf 

- 

0 35 

0.55 

0.20 

- 

MS 

M S 

MS 

Storage Time 

Fall Time 

Crossover Time 

(lc = 5.0 Adc, l B i = 50 mAdc, V BB (off) = 4.0 Vdc, 
v clamp = 200 Vdc, L = 500 M H) 

tc 


0.40 

1.0 

MS 


(1) Pulse Test Pulse Width ^ 300 ^s, Duty Cycle ^ 1% 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 — SAFE OPERATING AREA (FBSOA) 



1 1 
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vce = 50v. 
Tj = 25°C 









































7* 

































7 









ZZ 



zz 

— 

— 

— 

~ 


* 

~ — 

■ 

zz 

ZI 



_ 

z! 

z 

I 

— i 

— 

— 

— 

— - 




. 

— 1 

— 

— ■ 

— 

— 

- 

1 

-■ 

— 



~ 

2 





" ! 





z 























—J 






i_ 


1 











0.2 0.3 0.5 0.7 1.0 2.0 3 0 5 0 70 10 

1C. COLLECTOR CURRENT (AMPS) 



1-403 







(M) MOTOROLA 


D40C1 

D40C2 

D40C4 

D40C5 


NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 

. . . designed for amplifier and driver applications where high gain is 
an essential requirement, low power lamp and relay drivers and power 
drivers for high-current applications such as voltage regulators. 

• High DC Current Gain — 

h FE = 40,000 (Min) @ l c = 200 mAdc - D40C2, 5 

• Collector-Emitter Breakdown Voltage - 

BVcEO = 40 Vdc (Min) @ Iq = 10 mAdc — D40C4, 5 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = L5 Vdc (Max) @ Iq = 500 mAdc 

• Duowatt Package — 

2 Watts Free Air Dissipation @ = 25°C 


DUOWATT 

NPN SILICON 
DARLINGTON AMPLIFIER 
TRANSISTORS 



Tab forming and TO-5 lead forming available on 
special request. 


MAXIMUM RATINGS 

Rating 

Symbol 

ES33E9 

EB5H1 

KBEHI 

Collector-Emitter Voltage 


30 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

30 

40 

Vdc 

Emitter-Base Voltage 

v EBO 

13 

Vdc 

Collector Current — Continuous 

•c 

0.5 


Peak (1) 

1.0 

■MH 

Base Current — Continuous 

*B 

100 

mAdc j 

Total Power Dissipation @ T/y = 25°C 

PD 

1.67 

nyH 

Derate above 25°C (2) 


13.3 

1553231 

Total Power Dissipation @ T q - 25°C 

Pd 

6.25 

Watts 

Derate above 25°C 

50 

mW/°C 

Operating and Storage Junction 

T J* T stg 

-55 to +150 

KK 

Temperature Range 



■■1 

Solder Temperature, 1/16” from Case 

- 

260 

°C 

for 10 Seconds 


L . 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°c'/w 

Thermal Resistance, Junction to Case 

R 0JC 

20 

IHQijgi 

(1 ) Pulse Width < 25 ms. Duty Cycle < 50%. 




(2) The actual power dissipation capability of Duowatt transistors are 2 W @ T^ = 

25°C. 


STYLE V. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

4. COLLECTOR 



r r N i 

c i 

i 4 



DIM 

MILLIMETERS 


MIN 

MAX 

MIN 


A 

21.84 

22.35 

mm 

BEH 

B 

9.91 

10.41 


iiRHiB 

C 

4.39 

4.65 

lilfEl 

OEU 

D 

0.58 

0.74 

0.023 

■ifi^l 

F 

3.56 

4.06 

0.140 

iill.nl 

G 

2.41 

2.67 


PEH 

H 

1.70 

1.96 

0.067 


J 

0.48 

0.66 

jikill-M 

■iKim« 

K 

12.19 

12.95 

int!:|ii 

mmm 

L 

1.65 

2.03 

iiinm 


N 

9.91 

10.16 

0.390 

liMil 

Q 

3.56 

3.81 

Him 

■ilt.1i! 

R 

1.07 

1.75 

0.042 

■ilirei 

T 

7.87 

9.14 

ESE! 

WE3M 


TO-202AC 
CASE 306-04 
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D40C1, D40C2, D40C4, D40C5 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

Characteristic | Symbol [ Min \ Max 1 UniT 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

<IC = 10 mAdc, V BE = 0) 

D40C1 , 2 

D40C4, 5 



- 


Collector Cutoff Current 

(V CB = Rated V CES , l E - 0, Tj = 150°C) 


'CBO 

- 

20 


Collector Cutoff Current 

(Vce * Rated Vces« v BE = 


*CES 

— 

0.5 

pAdc 

Emitter Cutoff Current 
(V EB = 13 Vdc, l C = 0) 


*EBO 

— 

100 

nAdc 


ON CHARACTERISTICS (1) 


Current Gain 

(lC = 200 mAdc, V CE = 5.0 Vdc) D40C1,4 

D40C2, 5 

h FE 

10,000 

40,000 

60,000 


Collector-Emitter Saturation Voltage 
<I C = 500 mAdc, l B = 0.5 mAdc) 

v CElsat) 

- 

1.5 


Base-Emitter Saturation Voltage 
(lC = 500 mAdc, l B = 0.5 mAdc) 

v BE(sat) 

- 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Collector Capacitance 

(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

^cb 

- 

10 

PF 

High Frequency Current Gain 

(lC = 20 mA, V CE = 5 Vdc, f = 100 MHz) 

h fe 

1.0 

- 

- 

Input Impedance 

(lC = 20 mA, Vq E = 5 Vdc, f = 1 kHz) 

^ie 

50 

- 



(1 ) Pulse Test: Pulse Width < 300 u s. Duty Cycle < 2 0%. 


TYPICAL CHARACTERISTICS 

FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IcVCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tq isvariable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pk) < 150°C. Tj( p | < ) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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r(t), TRANSIENT Tl 
RESISTANCE (NORM 


D40C1, D40C2, D40C4, D40C5 



I«3P 

l5&59S3iii 


S^W III 

■nimi 

■mi) 

illll 


■Hill 

KlSlII 


IIIIMBEdi 

iii Haas 

SiiHH 
iii ■■ 
III ■! 



SUL 

uu 


— ZflJC(t) = f(t) Rtf JC 
Rtf j C « 20°C/W Max 


“* — ZtfjA(t) = r(t) Rtf ja 
Rtf j A = 7 5°C/W Max 


I I | 0 CURVES APPLY FOR POWER 

— H — PULSE TRAIN SHOWN 

I— t2 — \ READ TIME AT ti 

Duty Cycle, D = ty/12 T J(pk) ‘ T C - p (pfc) R«JC<t) 


0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 

t, TIME (ms) 
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MOTOROLA 


NPN 

D40D 


PNP 

D41D 


COMPLEMENTARY SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, medium-voltage, medium power 
amplifier and driver applications; series, shunt and switching regu- 
lators, and low and high frequency inverters and converters. 


Duowatt Package — 2 Watts Free Air Dissipation @ T/\ = 25°C 


DUOWATT 

COMPLEMENTARY SILICON 
AMPLIFIER TRANSISTORS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak (1) 


Base Current 


Total Power Dissipation @ T/\ 
Derate above 25°C (2) 


= 25°C 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Solder Temperature, 1/16" from Case 
for 10 Seconds 


Symbol 


v CEO 


V CES 


v EBO 


PD 


PD 


T J, T stg 


Q r>7 


- 1.0 - 

- 2.0 - 


-1.67- 
-13.3 - 


- 6.25 - 

- 50 - 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°C/W 

Thermal Resistance, Junction to Case 

r 6>JC 

20 

o 

o 

(1) Pulse Test: Pulse Width < 300 ;us. 

(2) The actual power dissipation capability of Duowatt transistors are 2 W @ T/\ = 

25°C. 


STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 

4. COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0410 

C 

4 39 

4.65 

0.173 

0.183 

D 

0.58 

0 74 

0 023 

0.029 

F 

3.56 

4.06 

0 140 

0.160 

G 

2 41 

2.67 

0.095 

0 105 

~H~j 

1.70 

1 96 

0.067 

0.077 

Tj 

0.48 

, 0.66 1 

0.019 

0.026 

K 

12 19 

12 95 1 

0.480 1 

0.51 Q 

L 

1 65 

2.03 

0.065 

0.080 

N 

9.91 

10.16 | 

0 390 

0.400 

Q 

3.56 ! 

3.81 

0 140 

0.150 

R 

1.0? 

1.75 

TTMF 

TTW" 

T 

“TIT 

9.14 

0.310 

W 


TO-202AC 
CASE 306-04 
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D40D, NPN, D41D, PIMP 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 


1 Characteristic 

| Symbol ( 

Min 

| Max 

( Unit j 

OFF CHARACTERISTICS 






Collector-Emitter Breakdown Voltage 
<I C = 10 mAdc, lg = 0) 

D40D1 ,2/D41 D1 ,2 
. D40D/D41 D— 4,5 

D40D/D41 D— 7,8 
D40D/D41D-10,1 1,13,14 

BVqeO 

30 

45 

60 

75 

- 

Vdc 

Collector Cutoff Current 
(Vce = Rated VcES> 


•CES 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc) 


»EBO 

— 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

hpE 



- 

(Ic = 100 mAdc, Vce = 2.0 Vdc) D40D/D41D-1,4,7,10,13 


50 

150 


D40D/D41D— 2,5,8,1 1,14 


120 

360 


(lc = 1.0 Adc, Vce = 2.0 Vdc) D40D1, 4,5,7,8,10,11 


10 

- 


D41 01,4,5,7,8,10,11 


10 

- 


D40D/D41 D— 2 


20 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

Oc = 500 mAdc, lg = 50 mAdc) D40D/D41 D-1 ,2,4,5 


- 

0.5 


D40D,7,8, 10, 1 1 , 1 3, 1 4 


- 

1.0 


D41D7, 8,10, 11, 13,14 


- 

1.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

1.5 

Vdc 

(IC = 500 mAdc, lg = 50 mAdc) 






DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

(IC = 20 mA, V C e= 10 Vdc, f = 20 MHz) 


75 

375 

MHz 

Collector-Base Capacitance 

Ccb 



pF 

(V C b = 20 Vdc. I E = 0, f = 1 MHz) D40D series 


- 

12 


D41 D series 

i 

- 

18 



(1) Pulse Test: Pulse Width < 300 /us, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 


FIGURE 1 - CURRENT-GAIN-BANDWIDTH PRODUCT 


FIGURE 2 - CAPACITANCES 
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D40D, NPN, D41D, PNP 


TYPICAL CHARACTERISTICS (continued) 
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FIGURE 3 - DC CURRENT GAIN 
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VBE(sat) @ IC/l8 = '0 


IBS 


VcE(sat) @ IC/*B = 10 
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MOTOROLA 


NPN PNP 

D40E1 D41E1 
D40E5 D41E5 
D40E7 D41E7 


COMPLEMENTARY SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, medium-voltage, medium power 
amplifier and driver applications; series, shunt and switching regu- 
lators, and low and high frequency inverters and converters. 


Duowatt Package - 2 Watts Free Air Dissipation @ T A = 25°C 


DUOWATT 

COMPLEMENTARY SILICON 
AMPLIFIER TRANSISTORS 



MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak (1) 


Total Power Dissipation @ T A = 
Derate above 25°C (2) 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Solder Temperature, 1/16" from Case 
for 10 Seconds 


Symbol 


V CEQ 


V CES 


v EBO 


'C 


PD 


pd 


T J- T stg 


D40/41 El D40/41 E5 D40/41 E7 


-1.67- 
-13.3 - 


- 8 - 
-64 - 


■ 55 to + 1 50 - 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


R 0JA 


R 0JC 


Max 


15.6 


°C/W 


°C/W 


1 . Pulse Test: Pulse Width < 300 ms. 

2. The actual power dissipation capability of Duowatt transistors are 2 W G 
T A = 25°C. 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

21.84 

22.35 

0.860 

0.880 

B 

9.91 

10.41 

0.390 

0.410 

C 

4 39 

4.65 

0.173 

0.183 

D 

0.58 

0.74 

0.023 

0.029 

F 

3.56 

4.06 

0.140 

0.160 

G 

2.41 

2.67 

0.095 

0.105 

H 

1.70 

1.96 

0.067 

0.077 

J 

0.48 

0.66 

0.019 

0.026 

K 

12.19 

12.95 

0.480 

0.510 

L 

1.65 

2.03 

0.065 ' 

0.080 

N 

9.91 

10.16 

0.390 

0.400 

Q 

3.56 

3.81 

0.140 

0.150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 


TO-202AC 
CASE 306-04 
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NPN D40E1, D40E5, D40E7 
PIMP D41E1, D41E5, D41E7 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted.) 

| Characteristic j Symbol j Min j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l c = lOmAdc, l B = 0) 

D40E1/D41 El 
D40E5/D41E5 
D40E7/D41E7 

bv CEO 

30 

60 

80 

~ 

Vdc 

Emitter Cutoff Current 
(V EB = 5.0 Vdc, l C = 0) 


>ebo 

— 

100 

nAdc 

Collector Cutoff Current 
(Vce = Rated Vqes* 


•CES 

~ 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 100 mAdc, V CE = 2.0 Vdc) 

(lC * 1.0 Adc, V CE = 2.0 Vdc) 

h FE 

50 

10 

- 


Collector-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 100 mAdc) 

v CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 

Oc* 1.0 Adc, l B = 100 mAdc) 

VBE(sat) 

" 

1.3 

! 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain —Bandwidth Product 

(lC = 20 mA, V CE = 10 Vdc, f = 20 MHz) 

*T 

75 

375 

MHz 

Collector-Base Capacitance 

(Vcb = 20 Vdc, l E = 0, f = 1 MHz) D40E series 

Ccb 


12 

pF 

D41 E series 


- 

18 



(1 ) Pulse Test: Pulse Width < 300 /us, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 


FIGURE 1 - CURRENT GAIN-BANDWIDTH PRODUCT FIGURE 2 - CAPACITANCES 
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NPN D40E1, D40E5, D40E7 
PNP D41E1, D41E5, D41E7 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 3 - DC CURRENT GAIN 
300| 
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NPN D40E1, D40E5, D40E7 
PNP D41E1, D41E5, D41E7 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 6 - THERMAL RESPONSE 
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FIGURE 7 - ACTIVE-REGION SAFE-OPERATING AREA 


i (_ — — — Bonding Wire Limit I 
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V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-VcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 


— — — — Bonding Wire Limit 

Thermal Limit, Single Pulse J 

Second Breakdown Limit 

(Applies Below Rated Vg E g) 5 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS 

The data of Figure 7 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 150°C. Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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FIGURE 8 - POWER DERATING 
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MOTOROLA 


COMPLEMENTARY SILICON DARLINGTON 
AMPLIFIER TRANSISTORS 

. . . designed for amplifier and driver applications where high gain is 
an essential requirement, low power lamp and relay drivers and 
power drivers for high-current applications such as voltage regulators. 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 1.5 Vdc (Max) @ Iq = 1.5 Adc for D40,41K1,2 

• Duowatt Package — 

2 Watts Free Air Dissipation @ = 25°C 


MAXIMUM RATINGS 

Rating 

Symbol 

D40/41K 

1,3 

D40/41K 

2,4 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

50 

Vdc 

Collector-Emitter Voltage 

V CES 

30 

50 

Vdc 

Emitter-Base Voltage 

v EBO 

13 

Vdc 

Collector Current — Continuous 

Peak (1 ) 

>c 

2.0 

3.0 

Adc 

Base Current — Continuous 

'B 

100 

mAdc 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C (2) 

P D 

1.67 

13.3 

Watts 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

P D 

10 

80 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +1 50 

°C 

Solder Temperature, 1/16" from Case 
for 10 Seconds 

- 

260 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°C/W 

Thermal Resistance, Junction to Case 

r 6JC 

12.5 

°c/w 

1 . Pulse Width < 25 ms. Duty Cycle < 50%. 

2. The actual power dissipation capability of Duowatt transistors are 2 W @ T/\ = 25°C. 
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DUOWATT 


COMPLEMENTARY SILICON 
DARLINGTON AMPLIFIER 
TRANSISTORS 




TO-202AC 

CASE 306-04 










































COLLECTOR CURRENT (AMP) 


NPN D40K, PNP D41K 


ELECTRICAL CHARACTERISTICS (T>\ = 25°C unless otherwise noted.) 

| Characteristic | Symbol j Min | Max \ Unit \ 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 10 mAdc) 

D40,41 K1 ,3 

D40,41 K2,4 

bv C eo 

30 

50 

- 

Vdc 

Collector Cutoff Current 

(V CB - Rated V CES , l E = 0, Tj = 150°C) 


'CBO 

- 

20 

/uAdc 

Collector Cutoff Current 

(V C E = Rated V CES , V BE “ 0) 


«ces 

i 

- 

0.5 

/uAdc 

Emitter Cutoff Current 
(V EB = 13 Vdc, l c = 0) 


•ebo 

- 

100 

nAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 


hpE 



— 

(1C = 200 mAdc, V CE = 5.0 Vdc) 

All Devices 


10,000 

- 


(l C = 1.5 Adc, V CE = 5.0 Vdc) 

D40,41K1,2 


1,000 

- 


(Iq = 1 .0 Adc, V CE = 5.0 Vdc) 

D40.41 K3,4 


1,000 

- 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(lc = 1 -5 Adc, l B = 3.0 mAdc) 

D40,41 K1 ,2 


- 

1.5 


(1C = 1.0 Adc, l B = 2.0 mA) 

D40.41K3.4 


- 

1.5 


Base-Emitter Saturation Voltage 


v BE (sat) 



Vdc 

(1C = 1 .5 Adc, l B = 3.0 mAdc) 

D40,41 K1 ,2 


— 

2.5 


(IC = 1.0 Adc, l B =2.0 mAdc) 

D40,41 K3,4 


- 

2.5 



DYNAMIC CHARACTERISTICS 


Collector Capacitance D40K series 

(V CB - 10 Vdc, l E = 0, f = 1 .0 MHz) D41 K series 

Ccb 

- 

10 

25 

pF 

High Frequency Current Gain 

(1C = 20 mA, V C E = 5 Vdc, f = 100 MHz) 

Ihfel 

1.0 

~ 

““ 


1 . Pulse Test: Pulse Width < 300 /us, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 


FIGURE 1 - DC SAFE OPERATING AREA 




0 20 40 60 80 100 120 140 160 

T, TEMPERATURE <°C) 
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C, CAPACITANCE (pF) 


NPN D40K, PNP D41K 


TYPICAL CHARACTERISTICS (continued) 


CAPACITANCE 


FIGURE 8 - (D40K series) 
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Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 9 - (D41K series) 
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HIGH FREQUENCY CURRENT GAIN 


FIGURE 10 - (D40K series) 


0.02 0.03 0.05 0.1 0.2 0.3 0.5 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 11 - (D41K series) 


ZVce = 5.0 Vdc Z 
- Tj = 25°C - 

_ f= 100 MHz. 


Ir, COLLECTOR CURRENT (AMP) 






MOTOROLA 


D40N1 D40N3 

D40N2 D40N4 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . . designed for high-voltage TV video and chroma output circuits, 
high-voltage linear amplifiers, and high-voltage transistor regulators. 


• High Collector-Emitter Breakdown Voltage - 

BVqe R = 300 Vdc (Min) @ Iq = 1.0 mAdc - D40N3, 4 

• Low Collector-Base Capacitance — 

C c b = 3.0 pF (Max) @ Vqb = 20 Vdc 

• Duowatt Package — 

2 Watts Free Air Dissipation @ T a = 25°C 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 



MAXIMUM RATINGS 

Rating 

Symbol 

D40N1, 2 

D40N3, 4 

Unit 

Collector-Emitter Voltage (1, 2) 

V CER 

250 

300 

Vdc 

Collector-Base Voltage 

v CBO 

250 

300 

Vdc 

Emitter-Base Voltage 

v EBO 

5.0 

Vdc 

Collector Current — Continuous 
— Peak 

'c 

0.1 

0.7 

Adc 

Base Current 

•b 

250 

mAdc 

Total Power Dissipation @T/^ = 25°C 
Derate above 25°C 

Pd 

1.67 (3) 

13.3 

Watts 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

6.25 

50 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J« T stg 

-55 to +150 

°C 

Solder Temperature, 1/16" from Case 
for 10 Seconds 


260 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

20 

°C/W 

(1) 10 = 1 .0 mAdc, Rbe = 

(2) Pulse Test: Pulse Width < 300 ps. Duty Cycle < 2%. 

(3) The actual power dissipation capability of Duowatt transistors are 2 W @ T/\ = 25°C. 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 

4 COLLECTOR 



DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

21 84 

22 35 

0.860 

0 880 

B 

9.91 

1041 

0 390 

0.410 

~c~1 

4 39 

4.65 

0 173 

0 183 

D 

0 58 

0 74 

0 023 

0 029 


3 56 

4 06 

0 140 

0 160 

G 

241 

2.67 

0 095 

0 105 

H 

1.70 

1 96 

0.067 

0 077 

J 

0 48 

0 66 

0 019 

0 026 

K 

12 19 

1295 

0.480 

0510 

L 

1 65 

2 03 

0 065 

0 080 

N 

9.91 

10.16 

0 390 

0.400 

Q 

3 56 

3.81 

0.140 

0.150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 


TO-202 AC 
CASE 306-04 
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D40N1, D40N2, D40N3, D40N4 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 

| Characteristic [ Symbol | Min 1 Max \ Unit' 

OFF CHARACTERISTICS ” 



(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown. 
Safe operating area curves indicate IcVcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T j (pj< ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T J( p k ) ^ 150°C. Tj( p |<) may be 
calculated from the data in Figure 6 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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r(t), TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 



; p 3TJT 


— ZflJC(t) = r(t) ReJC 
R e jC = 12.5°C/W Max 


Z<UA(t) = r(t) R#JA 

R 0 jA = 62.5°C/W Max 


0.01 0.02 0.05 0.1 0.2 


0.5 1.0 2 0 5.0 10 20 

t, TIME (ms) 


I ) III D CURVES APPLY FOR POWER 

— Htil— PULSE TRAIN SHOWN 

1—12—4 READ TIME AT ti 

Duty Cycle, D = ti/t2 Tj(pk) -Tc = P(pk) RflJCW 
50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 100 k 
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D40P1 

D40P3 

D40P5 



MOTOROLA 


1.3 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . designed for horizontal drive applications, high-voltage linear 
amplifiers, and high-voltage transistor regulators. 

• High Collector-Emitter Breakdown Voltage - 

BV C eo = 225 Vdc (Min) @ >c “ 1 0 mAdc ~ D40P5 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1-0 Vdc (Max) @ I q = 100 mAdc 

• Duowatt Package — 

2 Watts Free Air Dissipation @ T^ = 25°C 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 



Tab forming and TO-5 lead forming available on 
special request. 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak (1 ) 


Total Power Dissipation 1 
Derate above 25°C 


a T A = 25°C 


Total Power Dissipation @Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Solder Temperature, 1/16” from Case 
for 10 Seconds 


Symbol D40P1 l D40P3 D40P5 


v CEO 


v CBO 


v EBO 


Pd 


p D 


TjTsi 


- 0.5- 
- 1 . 0 - 


-1.67 (2)- 
— 13.3 — 


-6.25- 
- 50 - 


-260 - 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


r 0JA 


R 0JC 


°c/w 


°c/w 


(1 ) Pulse Test: Pulse Width 1 .0 ms. Duty Cycle < 50%. 

(2) The actual power dissipation capability of Duowatt transistors are 2 W (i 


T A = 25°C. 



DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

21 84 

22 35 

0 860 

0 880 

B 

991 

1041 

0 390 

0410 

C 

4 39 

4 65 

0 173 

0 183 

D 

0 58 

0 74 

0 023 

0 029 

F 

3 56 

4 06 

0 140 

0 160 

G 

2 41 

2 67 

0 095 

0 105 

H 

1 70 

1 96 

0 067 

0 077 

J 

0 48 

0 66 

0019 

0 026 

K 

12 19 

1295 

0 480 

0510 

L 

1 65 

2 03 

0 065 

0 080 

N 

991 

10 16 

0 390 

0 400 

Q 

3 56 

381 

0 140 

0 150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0310 

0.360 


TO-202 AC 
CASE 306-04 
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D40P1, D40P3, D40P5 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted.) 
f Character | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 1.0 mAdc, l B = 0) 

D40P1 

D40P3 

D40P5 

bv CEO 

120 

180 

225 

- 

Vdc 

Collector Cutoff Current 


<CBO 



MAdc 

(V C B " 200 Vdc, l E = 0) 

D40P1 



10 


(V C b = 250 Vdc, l E ■ 0) 

D40P3 


- 

10 


(V C B=300Vdc, l E = 0) 

D40P5 


- 

10 


Emitter Cutoff Current 


*EBO 

- 

10 

MAdc 

(V EB = 7.0 Vdc, l C = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 80 mAdc, Vq E = 10 Vdc) 

(Iq = 2.0 mAdc, Vq E = 10 Vdc) 

h FE 

40 

20 

- 

~ 

Collector-Emitter Saturation Voltage 
(lC = 100 mAdc, l B = 10 mAdc) 

v CE(sat) 

- 

1.0 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 100 mAdc, l B = 10 mA) 

v BE(sat) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

(l c = 80 mAdc, V CE = 10 Vdc, f = 20 MHz) 

*T 

50 

- 

MHz 

Collector-Base Capacitance 

(Vqb = 10 Vdc, l E = 0, f = 1.0 MHz) 

C cb 

- 

6.0 

pF 


SWITCHING CHARACTERISTICS 


Storage Time 

ts 

- 

2.5 

MS 

<'C(on) = 80 mA, l B ( on ) = 8.0 mA, l B (off) = 8.0 mA) 






(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 



10 20 30 50 70 100 

1C, COLLECTOR CURRENT (mA) 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 

Vr, REVERSE VOLTAGE (VOLTS) 
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D40P1, D40P3, D40P5 


1.3 


TYPICAL CHARACT 


FIGURE 3 - DC CURRENT GAIN 




0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7 0 10 20 30 50 70 100 

IB, BASE CURRENT (mA) 


FIGURE 7 - COLLECTOR CHARACTERISTICS 



VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


fly. TEMPERATURE COEFFICIENTS (mV/°C) 


(Continued) 



0.5 1.0 2.0 5 0 10 20 50 100 200 500 

1C. COLLECTOR CURRENT (mA) 



0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 

1C, COLLECTOR CURRENT (mA) 



-0 4 -0.2 0 +0.2 +0.4 +0.6 


VBE. BASE-EMITTER VOLTAGE (VOLTS) 







D40P1, D40P3, D40P5 


TYPICAL CHARACTERISTICS (Continued) 

FIGURE 9 - THERMAL RESPONSE 




5.0 7.0 10 20 30 50 70 100 200 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic—VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tc = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1. 

Tj(pk) may be calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



o 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
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NPN 

D44C Series 
PNP 

D45C Series 



MOTOROLA 


COMPLEMENTARY SILICON POWER TRANSISTORS 

... for general purpose driver or medium power output stages in CW 
or switching applications. 

• Low Collector-Emitter Saturation Voltage — 0.5 V (Max) 

• High ft for Good Frequency Response 

• Low Leakage Current 


MAXIMUM RATINGS 



D44C or D45C 


Rating 

Symbol 

1,2, 

4,5, 

7,8, 

10,11, 

Unit 



3 

6 

9 

12 


Collector-Emitter Voltage 

v CEO 

30 

45 

60 

80 

Vdc 

Collector-Emitter Voltage 

V CES 

40 

55 

70 

90 

Vdc 

Emitter Base Voltage 

veb 

5.0 

Vdc 

Collector Current — Continuous 

'C 


4.0 


Adc 

Peak (1) 



6.0 



Total Power Dissipation 

Pd 






@ T C = 25°C 



30 


Watts 

@ T A = 25°C 



1.67 


W/°C 

Operating and Storage Junction 

tj. 


-55 to 1 50 


°C 

Temperature Range 

T stg 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

4.2 

°c/w 

Thermal Resistance, Junction to Ambient 

R 0JA 

75 

°c/w 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 


275 

°c 


(1 ) Pulse Width s£ 6.0 ms. Duty Cycle sS 50%. 

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 


Characteristic 


DC Current Gain 
(V CE = 1 .0 Vdc, l C = 0.2 Adc) 


(Vce = 1 0 Vdc. I C = 1 0 Adc) 


(V C e = 1 0 Vdc, l C = 2.0 Adc) 


D44C3.6, 

D45C3.6, 

D45C2.5, 


,9,12 

,9.12 

, 8,11 


D44C2,5,8,1 1 


D44C1.4, 

D45C1.4, 


7,10 

7,10 


D44C3.6, 

D45C3.6, 

D44C2.5, 


,9,12 

,9,12 

, 8,11 


D45C2,5,8,1 1 


D44C1 ,4, 
D45C1 ,4, 


7,10 

7,10 


Symbol 


h FE 


Min 

Max 

40 

120 

100 

220 

25 

- 

20 

" 

20 

- 

10 

- 


4 0 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

30-80 VOLTS 




1. DIMENSION H APPLIES TO ALL LEADS 

2. DIMENSION L APPLIES TO LEADS 1 
AND 3. 

3. DIMENSION Z DEFINES A ZONE WHERE 
ALL BODY AND LEAD IRREGULARITIES 
ARE ALLOWED, 

4 DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M. 1982. 

5 CONTROLLING DIMENSION: INCH 


DIM 

MILLIMETERS 

INC 

4ES 

MIN 

MAX 

MIN 

MAX 

A 

14.60 

15 75 

0 575 

0.620 


9.65 

10.29 

0.380 

0.405 


4 06 

4.82 

0 160 

0.190 

D 

0 64 

0.89 

0.025 

0.035 

F 

3.61 

3 73 

0.142 

0 147 

G 

2.41 

2 67 

0.095 

0.105 

H 

2 79 

3 93 

0 110 

0.155 

J 

0.36 

0.56 


UliKU 

K 

12.70 

1427 

0.500 


L 

1.14 

1.39 


EE3J 

N 

4.83 

5.33 

0.190 

KleulH 

Q 

2.54 

3.04 

iilM! 

0.120 

R 

MEM 

WHBM 


■iMIlil 

S 

1.14 

1.39 

donEfcl 

0.055 

T 

EBI 



tilkiil 

U 

0.00 

1.27 

iiTiT.Til 

iEjEEl 

U 

am 

mm 

0.045 

- 

z 

- 

am 

mm 

IiTHil 


STYLE 1 
PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


CASE 221 A-02 
(TO-220AB) 
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h FE . DC CURRENT GAIN 


D44C Series NPN, D45C Series PIMP 


ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 

Characteristic J Symbol | Min J Typ | Max J Unit 

OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcE = R a te d VcES- V BE = 0) 

‘CES 

— 

— 

10 

mA 

Emitter Cutoff Current 
(V EB = 5.0 Vdc) 

*EBO 

— 

— 

100 

mA 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(l C = 1 0 Adc, l B = 50 mAdc) D44C/D45C2, 3,5.6, 

8,9,11,12 

(l C = 1.0 Adc, l B = 100 mAdc) D44C/D45C1 ,4,7,10 

v CE(sat) 

- 

- 

0.5 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(lC = 1.0 Adc, l B = 100 mAdc) 

v BE(sat) 

— 

— 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Collector Capacitance 

(V C b = 1 0 Vdc, f = 1 .0 MHz) D44C Series 

D45C Series 

C cb 

- 

100 

125 

- 

pF 

Gain Bandwidth Product 

*T 




MHz 

(lC = 20 mA, Vce = 4.0 Vdc, f = 20 MHz) D44C Series 


— 

50 

— 


D45C Series 


— 

40 

— 



SWITCHING TIMES 


Delay and Rise Times 
(l C = 1 0 Adc, I B1 =0.1 Adc) 

D44C Series 

D45C Series 

td + t r 

- 

100 

50 

- 

ns 

Storage Time 


ts 




ns 

(lC = 1.0 Adc, I B1 = 182 = 0.1 Adc) 

D44C Series 


— 

500 

— 



D45C Series 


— 

500 

— 


Fall Time 


tf 




ns 

(lC -10 Adc, l B i = l B 2 = 0.1 Adc) 

D44C Series 


— 

75 

— 



D45C Series 


— 

50 

- 



FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 
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MOTOROLA 


NPN 

D44E Series 

PNP 

D45E Series 


COMPLEMENTARY SILICON POWER 
DARLINGTON TRANSISTORS 

... for general purpose power amplification and switching such as 
output or driver stages in applications such as switching regulators, 
converters and power amplifiers. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat)" 2.0 V (Max) @ 10 A 

• High DC Current Gain — 1000 (Min) @ 5.0 Adc 

• Complementary Pairs Simplifies Designs 


THERMAL CHARACTERISTICS 


DARLINGTON 
10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-80 VOLTS 
50 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

D44E or D45E 

Unit 

1 

2 

3 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Emitter Base Voltage 

v eb 

7.0 

Vdc 

Collector Current — Continuous 
Peak (1 ) 

>c 

10 

20 

Adc 

Total Power Dissipation 
@ T C = 25°C 
@ T A = 25°C 

PD 

50 

1.67 

Watts 

Operating and Storage Junction 
Temperature Range 

Tj. 

T stg 

-55 to 1 50 

°C 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1 /8" from Case for 5 Seconds 

t L 

275 

°c 

(1 ) Pulse Width ^ 6.0 ms, Duty Cycle 50%. 




NOTES 

1. DIMENSION H APPLIES TO ALL LEADS. 

2 DIMENSION LAPPLIESTO LEADS 1 ANO 3 ONLY. 

3. DIMENSION Z DEFINES A ZONE WHERE ALL 
BODY AND LEAD IRREGULARITIES ARE 
ALLOWED. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5 1973. 

5. CONTROLLING DIMENSION INCH. 


DIM 

MILLIMETERS | INCHES | 
~MIN ] MAX | MIN 1 MAX I 

A 

1460 

1575 

0 575 

0 620 

B 

9 65 

1029 

0 380 

0 405 

C 

4 06 

4 82 

0160 

0190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

~ G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K ! 

1270 

1427 

0 500 

0 562 

1 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3 04 

0100 

0120 

R 

2.04 

2 79 

0 080 I 

0 110 

S 

1 14 

1.39 

0 045 

0 055 

T 

5.97 

6.48 

0 235 

0.255 

U 

0.00 

1 27 

0 000 

0.050 

V 

1.14 


0 045 


z 

- 

2.03 

- 

0.080 


STYLE 1 

PIN 1. BASE 

2 COLLECTOR 
3. EMITTER 
4 COLLECTOR 


CASE 221A-02 
(TO-220AB) 
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I C . COLLECTOR CURRENT (AMPS) 


D44E Series NPN, D45 Series PIMP 


1.3 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector Cutoff Current 
(V CE = Rated V C EO- V BE = 0) 

<CES 

— 

— 

10 

mA 

Emitter Cutoff Current 
(V EB = 7.0 Vdc) 

*EB0 

— 

— 

1.0 

mA 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 5.0 Adc, V CE = 5.0 Vdc) 

h FE 

1000 

— 

— 

— 

Collector-Emitter Saturation Voltage 
(l C = 5.0 Adc, l B = lOmAdc) 
dC= 10 Adc, l B = 20 mAdc) 

v CE(sat) 

- 

- 

1.5 

2.0 

Vdc 

Base-Emitter Saturation Voltage 
dC = 5.0 Adc, l B = 10 mAdc) 

v BE(sat) 

— 

— 

2.5 

Vdc 


DYNAMIC CHARACTERISTICS 



SWITCHING CHARACTERISTICS 
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NPN 

D44H Series 
PNP 

D45H Series 



MOTOROLA 


COMPLEMENTARY SILICON POWER TRANSISTORS 

... for general purpose power amplification and switching such as 
output or driver stages in applications such as switching regulators, 
converters and power amplifiers. 


• Low Collector-Emitter Saturation Voltage — 

VcE(sat)= 1 0 V (Max) @ 8.0 A 

• Fast Switching Speeds 

• Complementary Pairs Simplifies Designs 


THERMAL CHARACTERISTICS 


(1 ) Pulse Width ^ 6.0 ms. Duty Cycle ^ 50%. 

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

30-80 VOLTS 


MAXIMUM RATINGS 

Rating 

Symbol 

D44H or D45H 

Unit 

1.2 

4,5 

7,8 

10,11 

Collector-Emitter Voltage 

v CEO 

30 

45 

60 

80 

Vdc 

Emitter Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 
Peak (1 ) 

•c 

10 

20 

Adc 

Total Power Dissipation 
@ T c = 25°C 
@ T A = 25°C 

P D 

50 

1.67 

Watts 

Operating and Storage Junction 
Temperature Range 

Tj, 

T stg 

-55 to 150 

°C 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

75 

°c/w 

Maximum Lead Temperature for Soldering 
Purposes. 1 /8" from Case for 5 Seconds 

Tl 

275 

°c 


Characteristic j 

Symbol 

Min 

Max 

Unit 

DC Current Gain 
(VcE = 1 0 Vdc, l C = 2.0 Adc) 

D44H1,4,7,10 

D45H1,4,7,10 

h FE 

35 

- 


D44H2,5,8,1 1 
D45H2,5,8,1 1 

60 

- 

(V C E = 1 0 Vdc, l c = 4.0 Adc) 

044H1, 4,7,10 
D45H1 ,4,7,1 0 

20 

- 

D44H2,5,8,1 1 
D45H2,5,8,1 1 

40 

- 




1 DIMENSION H APPLIES TO ALL LEADS 

2. DIMENSION L APPLIES TO LEADS 1 
AND 3. 

3. DIMENSION Z DEFINES A ZONE WHERE 
ALL BODY AND LEAD IRREGULARITIES 
ARE ALLOWED 

4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982 

5 CONTROLLING DIMENSION INCH 


DIM 

MILLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 


1460 

15.75 

0 575 

0.620 

B 

9.65 

1029 

0 380 

0 405 

mm 

4 06 

4 82 

0 160 

0 190 

0 

0 64 

0.89 

0.025 

0.035 

F 

361 

3 73 

0 142 

0 147 

mm 

2 41 

2 67 

0 095 

0 105 

MM 

2 79 

3 93 

0 110 

0 155 

j 

0.36 

0 56 

0014 

0 022 

n 

12 70 

1427 

0.500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

mm 

4.83 

5 33 

0.190 

0210 


2.54 

3.04 

0.100 

0.120 

in 

2 04 

2.79 

0.080 

0.110 

s 

1 14 

1.39 

0.045 

0.055 

T 

5.97 

6 48 

0.235 

0.255 

mm 

0.00 

1.27 

0.000 

0.050 

n 

1.14 

- 

0.045 

- 

Z 


1*1*1 


I»MM 


STYLE 1. 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-02 
(TO-220AB) 
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D44H Series NPN, D45H Series PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise r 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

□ 

OFF CHARACTERISTICS 


Collector Cutoff Current 
(Vce = Rated VcEO- V BE = 0) 

'CES 

— 

— 

10 

mA 

1 

Emitter Cutoff Current 
(V EB = 5.0 Vdc) 

*EBO 

— 

— 

100 

mA 

1 


ON CHARACTERISTICS 


Collector-Emitter Saturation Voltage 
(1C = 8.0 Adc, l B = 0.4 Adc) D44H/D45H2,5,8, 1 1 

(l C = 8.0 Adc, l B = 0.8 Adc) D44H/D45H1 ,4,7,1 0 

v CE(sat) 

- 

- 

1.0 

1.0 

Vdc 

1 

Base-Emitter Saturation Voltage 
(1C = 8.0 Adc, l B = 0.8 Adc) 

v BE(sat) 

— 

— 

1.5 

Vdc 

1 


DYNAMIC CHARACTERISTICS 

Collector Capacitance 
(V CB =10Vdc, f tes t=1 OMHz) 


Gain Bandwidth Product 
(1C = 0.5 Adc, V CE = 10 Vdc, f = 20 MHz) 

SWITCHING TIMES 

Delay and Rise Times 
(l c = 5.0 Adc, l B i =0.5 Adc) 

Storage Time 

(lc = 5.0 Adc, l B i = l B 2 = 0.5 Adc) 

Fall Time 

(Iq = 5.0 Adc, l B i = l B 2 = 0.5 Adc) 


D44H Series 
D45H Series 


D44H Series 
D45H Series 


D44H Series 
D45H Series 


D44H Series 
D45H Series 


D44H Series 
D45H Series 


FIGURE 1 - NORMALIZED DC CURRENT GAIN 

I I I 0451? Series II I I MINI II II I Hill 



V CE = 1 0 Vdc 

h EE @ 4.0 A was used for normalizing. 

J — I 1. L. M l 111 1 I [ . 1...L 1 ilU 

0.1 1.0 
lr, COLLECTOR CURRENT (AMPS) 


- MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



D44H/45HU 


D44H/45H4.5 


D44H/45H7.8 


D44H/45H 1 0, 1 1 


.0 3.0 5.0 7.0 10 20 30 50 70 100 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 












NPN 

D44VH Series 
PNP 

D45VH Series 



MOTOROLA 


COMPLEMENTARY SILICON POWER TRANSISTORS 

These complementary silicon power transistors are designed for 
high-speed switching applications, such as switching regulators 
and high frequency inverters. The devices are also well-suited for 
drivers for high power switching circuits. 

• Fast Switching — tf = 90 ns (Max) 

• Key Parameters Specified @ 100°C 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat)= 1.0 V (Max) @8.0 A 

• Complementary Pairs Simplify Circuit Designs 


THERMAL CHARACTERISTICS 


15 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

30, 45, 60 and 80 VOLTS 
83 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

D44VH or D45VH 

Unit 

1 

4 

7 

10 

Collector-Emitter Voltage 

VCEO 

30 

45 

60 

80 

Vdc 

Collector-Emitter Voltage 

V CEV 

50 

70 

80 

100 

Vdc 

Emitter Base Voltage 

V EB 

7.0 

Vdc 

Collector Current — Continuous 

•c 


15 


Adc 

Peak (1) 

‘CM 


20 



Total Power Dissipation 

pd 





Watts 

@ TC = 25°C 



83 



Derate above 25°C 



1.67 


W/°C 

Operating and Storage Junction 

Tj, 


-55 to 150 


°C 

Temperature Range 

T stg 








Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

62.5 

°c/w 

Maximum Lead Temperature for Soldering 

Tl 

275 

°c 

Purposes: 1 /8" from Case for 5 Seconds 




(1 ) Pulse Width 6.0 ms, Duty Cycle ^ 50%. 




Notel: All polarities are shown for NPN transistors. For PNP transistors, reverse polarities. 1 

Note 2: See MJE5220/5230 Series data sheet for characteristic curves. 




NOTES 

1 DIMENSION H APPLIES TO ALL LEADS ‘ 

2 DIMENSION L APPLIES TO LEADS 1 
AND 3 

3 DIMENSION Z DEFINES A ZONE WHERE 
ALL BODY AND LEAD IRREGULARITIES 
ARE ALLOWED 

4 DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5M, 1982 

5 CONTROLLING DIMENSION INCH 


DIM 

MILLIM 

ETERS 

INC 

HES 

MIN 

MAX 

MIN 

MAX 

|Q 

14.60 

15.75 

0.575 

0 620 

lb 

9.65 

10.29 

0.380 

0 405 

11 

4 06 

4 82 

0 160 

0 190 

111 

0 64 

0.89 

0 025 

0.035 

In 

361 

3.73 

0 142 

0 147 

■I ■■ 

2 41 

2.67 

0.095 

0 105 

In 

2 79 

3 93 

0 110 

0155 

N 

0.36 

0 56 

0014 

0 022 


12 70 

14.27 

0 500 

0.562 

Ml 

1 14 

1.39 

0 045 

0.055 

|Q 

4.83 

5.33 

0.190 

0210 

LoJ 

2.54 

3.04 

0.100 

0.120 

|Q 

2.04 

2 79 

0.080 

0.110 

111 

1.14 

1.39 

0.045 

0.055 

iKfl 

5.97 

6.48 

0.235 

0.255 

In 

0.00 

1.27 

0.000 

0.050 

In 

1.14 

- 

0.045 

_ 

is 


2.03 


liliTHll 


STYLE 1. 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


CASE 221A-02 
(TO-220AB) 
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D44VH Series NPN, D45VH Series PNP 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 



Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 
(l C = 25 mAdc. I B = 0) 

D44VH1 , D45VH1 

D44VH4, D45VH4 
D44VH7, D45VH7 
D44VH10, D45VH10 

v CE0(sus) 

30 

45 

60 

80 

- 

- 

Vdc 

Collector-Emitter Cutoff Current 


•CEV 




/iAdc 

(Vce = Rated Vqev* v BE(off) = 4 0 Vdc ) 



— 

— 

10 


(V CE = Rated V CE V< V B E(off) = 4 0 Vdc. T C = 1 00°C) 


— 

— 

100 


Emitter Base Cutoff Current 


>EB0 

— 

— 

10 

/uAdc 

(V EB = 7.0 Vdc, l C = 0) 







ON CHARACTERISTICS (1) 

DC Current Gain 


h FE 




— 

(lC = 2.0 Adc. V CE = 1 .0 Vdc) 



35 

— 

— 


(I C = 4.0 Adc, V CE = 1 .0 Vdc) 



20 

— 

— 


Collector-Emitter Saturation Voltage 


v CE(sat) 




Vdc 

(l C = 8.0 Adc, l B = 0.4 Adc) 

D44VH Series 


— 

— 

0.4 


(lC = 8.0 Adc, l B = 0.8 Adc) 

D45VH Series 


— 

— 

1.0 


(l C = 1 5 Adc, l B = 3.0 Adc, T C = 1 00°C) 

D44VH Series 


— 

— 

0.8 



D45VH Series 


- 

— 

1.5 


Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

(lC = 8.0 Adc, l B = 0.4 Adc) 

D44VH Series 


— 

— 

1.2 


(l C = 8.0 Adc, l B = 0.8 Adc) 

D45VH Series 


— 

— 

io 


(lC = 8.0 Adc, l B = 0.4 Adc, T C = 1 00°C) 

D44VH Series 


— 

— 

1.1 


(lC = 8.0 Adc, l B = 0.8 Adc, T c = 100°C) 

D45VH Series 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(l C = 0.1 Adc, V CE = 10 Vdc, f = 20 MHz) 

*T 

— 

50 

— 

MHz 

Output Capacitance 

Ccb 




pF 

(V CB = 1 0 Vdc, lc = 0, f tes t = 1 -0 MHz) D44VH Series 


— 

120 

— 


D45VH Series 


- 

275 

- 



SWITCHING CHARACTERISTICS 


Delay Time 

(V CC = 20 Vdc, lc = 8.0 Adc, 

>B1 = >B2 = 0.8 Adc) 

«d 

- 

— 

50 

ns 

Rise Time 

tr 

— 

— 

250 

Storage Time 

t S 

— 

— 

700 

Fall Time 

tf 

- 

- 

90 


(1 ) Pulse Test: Pulse Width ^ 300 ^s, Duty Cycle < 2% 


1-433 







MOTOROLA 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 

. . . designed for high-voltage TV video and chroma output circuits, 
high-voltage linear amplifiers, high-voltage drivers and high-voltage 
transistor regulators. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 300 Vdc (Min) @ l c = 1.0 mAdc - MDS21 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.6 Vdc (Max) @ Iq = 30 mAdc 

• Low Collector-Base Capacitance — 

C G b = 3.0 pF (Max) @ V C B = 20 Vdc 

• Duo watt Package — 

2 Watts Free Air Dissipation @ Ta = 25°C 


DUOWATT 
NPN SILICON 

AMPLIFIER TRANSISTORS 





MAXIMUM RATINGS 


Rating 

Symbol 

MDS20 

MDS21 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

300 

Vdc 

Collector-Base Voltage 

v CBO 

250 

300 

Vdc 

Emitter-Base Voltage 

v EBO 

8.0 

Vdc 

Collector Current — Continuous 

>C 

0.5 

Adc 

Base Current 

*B 

0.25 

Adc 

Total Power Dissipation @ = 25°C 

PD 

2.0 


Watts 

Derate above 25°C 


16 


mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 


Watts 

Derate above 25°C 


80 


mW/°C 

Operating and Storage Junction 

Tj. T st g 

-55 to +150 

°C 

Temperature Range 





Solder Temperature, 1/16" from Case 

- 

260 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°c/w 



R 

— N - 

Lil 

y 

— d 

d 

| I 

t 

tj 


STYLE 1 

PIN 1 EMITTER 

2 BASE 

3 COLLECTOR 

4 COLLECTOR 


MILLIMETER S INCHES 
DIM ~MIN TmAX^ "MIN MAX 
A 21.84 22 35 0 860 0 880 

JL _9 91 1 0 41 0_390 0 410 

C "" 4 39 4 65 "0 173 0 183 

D 0 58 0 74 0 023 0 029 

F 3 56 4 06 1 0 140~ 0 160 

G 2 4 1 2 67 0 095 0 105 

JH 1 70 1 96 0 067 0 077 

J~ 0 48 0 66 0 019 0 026 

K 12 19 12 95 0 480 0 510 

L 1 65 2 03 0 065 0 080 

l\l 9 91 10 16 0 390 0 400 

Q 3.56 3 81 “ 0 140 0 150 

R 107 ' 1.75 0.042 0.069 

T 7 87 1 9 14 I 0 310 I 0.360 

CASE 306-04 

TO-202AC 
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MDS20, MDS21 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 

| Characteristic j Symbol ] Min | Max | Unit j 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 1.0 mAdc, l B = 0) 

MDS20 

MDS21 

BVCEO 

250 

300 

~ 

Vdc 

Collector-Base Breakdown Voltage 

MDS20 

BVcbo 

250 

- 

Vdc 

(Iq = 100 MAdc, 1 g = 0) 

MDS21 


300 

- 


Emitter-Base Breakdown Voltage 


bv EBO 

8.0 

- 

Vdc 

(l E = 100 MAdc, lc = 0) 






Collector Cutoff Current 


•CEO 



MAdc 

(V C E = 150 Vdc, l B = 0) 

MDS20 


- 

0.5 


(V CE = 200 Vdc, 1 B = 0) 

MDS21 


- 

0.5 


Collector Cutoff Current 


•CBO 



MAdc 

(V CB = 200 Vdc, l E =0) 

MDS20 


- 

0.1 


(Vcb = 250 Vdc, l E = 0) 

MDS21 


- 

0.1 


Emitter Cutoff Current 


>EBO 

- 

0.1 

MAdc 

(V BE =6.0 Vdc, l C = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 30 mAdc, Vce = 10 Vdc) 

h FE 

40 

250 

- 

Collector-Emitter Saturation Voltage 
(Iq = 30 mAdc, l B = 3.0 mAdc) 

v CE(sat) 

- 

0.6 

Vdc 

Base-Emitter On Voltage 

(1C = 30 mAdc, V C E = 10 Vdc) 

v BE(on) 

~ 

0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Prdouct 

(l c = 10 mAdc, V C E = 20 Vdc, f = 20 MHz) 

*T 

60 

- 

MHz 

Collector-Base Capacitance 

(Vcb = 20 Vdc, l E = 0, f = 1 .0 MHz) 

Ccb 


3.0 

pF 


Note 1 . Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 

FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor- average junction temperature and second breakdown. 
Safe operating area curves indicate Ic-VCE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T J (pk ) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) ^ 150°C Tj( p |<) may be 
calculated from the data in Figure 6. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
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MDS20, MDS21 


TYPICAL CHARACTERISTICS (continued) 




3.0 5.0 10 30 50 100 200 300 0.3 1.0 10 20 50 100 200 300 

l C , COLLECTOR CURRENT (mA) l C . COLLECTOR CURRENT (mA) 




0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 1.0 3.0 5.0 10 30 50 100 

l B , BASE CURRENT (mA) Iq, COLLECTOR CURRENT (mA) 


FIGURE 6 - THERMAL RESPONSE 
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MOTOROLA 


MDS26 

MDS27 


DUOWATT 
3.0 AMPERE 



COMPLEMENTARY PLASTIC SILICON 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high 
speed switching applications. 

• Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 40 Vdc - MDS26, MDS76 
= 60 Vdc - MDS27, MDS77 

• DC Current Gain — 

hFE = 40 (Min) @ l£ = 0.2 Adc 
= 30 (Min) @ lc - 1.0 Adc 

• Current-Gain — Bandwidth Product — 

fj = 50 MHz (Min) @ Iq = 100 mAdc 

• Annular Construction for Low Leakages — 

•CBO = 100 nA (Max) @ Rated Vcb 


MAXIMUM RATINGS 


COMPLEMENTARY SILICON 
POWER TRANSISTORS 


40, 60 VOLTS 
10 WATTS 




Rating 


Col lector- Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Device Dissipation @ T/\ = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to 
Ambient 


Symbol 

Max 

0JC 

10 

0JA 

62.5 




STYLE 3: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 



MILLIMETERS 

INCHES 

MIN MAX 

MIN 

MAX 

21.84 22.35 

0.860 

0.880 

9.91 10.41 

0.390 

0.410 

4.39 4.65 

0.173 

0 183 

0.58 0.74 

0.023 

0.029 

3.56 4.06 

0.140 

0 160 

2.41 2.67 

0.095 

0.105 

1.70 1.96 

0.067 

0.077 

0.48 0.66 

0.019 

0.026 

12.19 12.95 

0.480 1 

0.510 


jMMMH 


CASE 306-04 
TO-202 AC 















































MDS26, MDS27NPIM/MDS76, MDS77PNP 


ELECTRICAL CHARACTERISTICS (T c - 25°C unless otherwise noted) 

Characteristic | Symbol j Min j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l C = 10 mAdc, l B = 0) 

MDS26,MDS76 

MDS27,MDS77 

v CEO(sus) 

40 

60 

1 1 


Collector Cutoff Current 


'CBO 



juAdc 

(V CB = 60 Vdc, l E = 0) 

MDS26,MDS76 


- 

0.1 


(V CB = 80 Vdc, l£ = 0) 

MDS27,MDS77 


- 

0.1 


(V C b = 60 Vdc, 1 E = 0, T C = 1 25°C) 

MDS26,MDS76 



0.1 

mAdc 

(V CB = 80 Vdc, l£ = 0, T C = 125°C) 

MDS27,MDS77 


- 

0.1 


Emitter Cutoff Current 


•ebo 



juAdc 

(V BE = 7.0 Vdc, I C = 0) 




0.1 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 200 mAdc, V C E = 1.0 Vdc) 

(l C = 1.0 Adc,V CE = 1.0 Vdc) 

h FE 


200 


Collector-Emitter Saturation Voltage 





(Iq = 200 mAdc, l B = 20 mAdc) 


- 

0.3 

■ 

(l C = 1.0 Adc, l B = 100 mAdc) 


- 

0.6 

■ ■ 

(l C = 3.0 Adc, l B = 600 mAdc) 



1.7 


Base-Emitter Saturation Voltage 

v BE(sat) 




(l C = 2.0 Adc, l B = 200 mAdc) 


- 

1.8 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 500 mAdc, Vqe = 1.0 Vdc) 


- 

1.5 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

fT 



MHz 

(IC = 100 mAdc, V C E = 10 Vdc, f test = 10 MHz) 


50 

- 


Output Capacitance 

Cob 



PF 

(V CB = 10 Vdc, l£ = 0, f = 0.1 MHz) MDS26, MDS27 


- 

50 


MDS76, MDS77 


- 

70 



(1 ) Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0% 

(2) f T = I h fe latest 
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MOTOROLA 


MDS60 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general purpose applications requiring high break- 
down voltages, low saturation voltages and low capacitance. 

• Complement to NPN Type 2N6558 


DUOWATT 

PNP SILICON 
HIGH VOLTAGE 
TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Collector-Base Voltage 

VCB 

300 

Vdc 

Emitter-Base Voltage 

veb 

5.0 

Vdc 

Collector Current - Continuous 

•c 

500 

mAdc 

Total Power Dissipation @ T A = 25°C 

PD 

2.0 

Watt 

Derate above 25°C 

16 

mW/°C 

Total Power Dissipation @ Tc = 25°C 

Pd 

10 

Watts 

Derate above 25°C 

80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj> T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

«JC 

12.5 

°c7w 

Thermal Resistance, Junction to Ambient 

0JA 

62.5 

°c/w 


ELECTRICAL CHARACTERISTICS (T a = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 


Unit | 

OFF CHARACTERISTICS 

Collector Emitter Breakdown Voltage! D 
(l c = 1 0 mAdc, l B = 0) 

bv C eo 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 

b v cbo 



Vdc 

(l C = lOOpAdc, l E =0) 


300 



Emitter-Base Breakdown Voltage 

BVebO 



Vdc 

(l E = lOpAdc, lc = 0) 


5.0 

- 


Collector Cutoff Current 

'CBO 



MAdc 

(V C B =200 Vdc, l E =0) 


- 

0.2 


Emitter Cutoff Current 

>EB0 



MAdc 

(V BE = 3.0 Vdc, l C = 0) 



0.1 


ON CHARACTERISTICS 

DC Current Gam 

h FE 



- 

dC = 1 0 mAdc, V C6 = 10 Vdc) 


25 



(lc = 10 mAdc, Vce = 10 Vdc) 


30 

- 


(l C = 30mAdc,V C E = 10Vdc) 


30 



Collector-Emitter Saturation Voltage 

Vce (sat) 



Vdc 

(1C = 30 mAdc, l B = 3.0 mAdc) 



0.75 


Base-Emitter Saturation Voltage 

VBE(sat) 

- 

09 

Vdc 

(l c = 30 mAdc, l B = 3.0 mAdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l c = 10 mAdc, V C E = 20 Vdc, f = 10 MHz) 

*T 

45 


MHz 

Collector-Base Capacitance 
(V C B = 20 Vdc, l E = 0, f = 1 .0 MHz) 

C c b 


8.0 

pF 


(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2%. 




2. BASE 

3. COLLECTOR 

4. COLLECTOR 



MILLIMETERS 

INCHES 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

21 84 

22 35 

0 860 

0 880 

B 

9 91 

1041 

0 390 

0410 

C 

4 39 

4.65 

0 173 

0 183 

D 

0 58 

0 74 

0 023 

0 029 

F 

3 56 

4 06 

0 140 

0 160 

G 

2 41 

2 67 

0 095 

0 105 

H 1 

1 70 

1 96 

0 067 

0 077 

J 1 

0 48 

0.66 

0019- 

0 026 

K 

12 19 

12 95 

0 480 

0510 

L 

1 65 

2 03 

0 065 

0 080 

N 

991 

10 16 

0 390 

0 400 

a 

3.56 

3.81 

0.140 

0.150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 


CASE 306-04 
TO-202 AC 
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hFE, DC CURRENT GAIN 


MDS60 


FIGURE 1 -DC CURRENT GAIN 



5.0 7.0 10 


1C, COLLECTOR CURRENT (mA) 


FIGURE 2 -CAPACITANCES 


FIGURE 3 -CURRENT-GAIN-BANDWIDTH PRODUCT 









MDS1678 



MOTOROLA 


NPN SILICON ANNULAR RF TRANSISTOR 

. . . designed for use in Citizen-band and other high-frequency 
communications equipment operating to 30 MHz. Higher breakdown 
voltages allow a high percentage of up-modulation in AM circuits. 

• Output Power = 4 W (Min) @ Vcc = 1 2 Vdc 

• Power Gain = 10 dB (Min) 

• High Collector-Emitter Breakdown Voltage - BVcER ^ 65 Vdc 


DUOWATT 

4 W— 27 MHz 

RF POWER OUTPUT 
TRANSISTOR 

NPN SILICON 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

v CBO 

65 

Vdc 

Collector-Emitter Voltage 

V CER 

65 

Vdc 

Emitter-Base Voltage 

v EBO 

4 

Vdc 

Collector Current — Continuous 

>c 

3 

Adc 

Total Power Dissipation @ T/\ = 25°C 

P D 

2 

Watt 

Derate above 25°C 


16 

mW/°C 

Total Power Dissipation @ T q = 25°C 

P D 

10 

Watt 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-55 to + 1 50 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Reistance, Junction to Case 

0 JC 

12.5 

°c/w 

Thermal Resistance, Junction to Ambient 

0 JA 

62.5 

°c/w 



Tab-forming and TO-5 lead-forming 
available on special request. 



STYLE 3. 

PIN 1 BASE 



~ 1 

DIM 

| MILLIMETERS 

I INCHES | 

MIN 

MAX 

MIN 

MAX 

Tj 

21.84 

22 35 

0.860 1 

0 880 

B 

991 

1041 

0 390 

0410 

C ! 

4.39 

4.65 

0 173 

0.183 

D 

0.58 

0 74 

0.023 

0 029 

F 

3 56 

4.06 

0 140 ! 

0 160 

G 

241 

2.67 

0 095 

0.105 

IP 

170 

1 96 

0.067 

0 077 

J 

0 48 

0 66 

0.019 

0.026 

K 

12.19 

12 95 

0 480 

0510 

L 

1 65 

2.03 

0.065 

0 080 

in 

9.91 

10.16 

0 390 

0.400 

Q 

3.56 

3.81 

0 140 

0.150 

R 

1.07 

1.75 

0.042 

0.069 

T 

7.87 

9.14 

0.310 

0.360 


CASE 306-04 

TO-202 AC 
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OUTPUT POWER (WATTS) 


MDS1678 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(1C = 1 0 mAdc, Rg E = 1 0 f2) 

bv C er 

65 

~ 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1 mAdc, Iq = 0) 

bv EBO 

4 

— 

“ 

Vdc 

Collector Cutoff Current 
(Vqb = 30 Vdc, l E = 0) 

•CBO 

_ 

— 

0.01 

mAdc 


ON CHARACTERISTICS 


DC Current Gain (2) 

(1C = 500 mAdc, VcEE = 5 Vdc) 

Oc * 1 -5 Adc, VcE = 5 Vdc) 

hFE 

15 

10 

- 

- 


Collector-Emitter Saturation Voltage 
(Iq = 500 mAdc, lg = 50 mAdc) 

v CE(sat) 



1 

Vdc 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V C b = 12 Vdc, l E = 0, f = 1 MHz) 

Cob 


- 

45 

pF 

Current-Gain — Bandwidth Product 

(l c = 100 mAdc, V CE = 5 Vdc, f = 20 MHz) 

*T 

100 



MHz 


FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 4 W, V CC = 1 2 Vdc, f = 27 MHz) 

GpE 

10 

~ 

- 

dB 

Output Power 

(P in = 400 mW, V CC = 1 2 Vdc, f = 27 MHz) 

p out 

4 

~ 


Watts 

Collector Efficiency (3) 

(P out = 4W, V CC = 1 2 Vdc, f = 27 MHz) 

r? 


70 

— 

% 

Percentage Up-Modulation (4) 

(f = 27 MHz) 


~ 

85 

— 

% 


(1) Pulsed through a 25 mH Inductor. 

(2) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 

(3) t]= (Vcc)(Ic)' 100 


(4) Percentage Up-Modulation is measured in the test circuit (Figure 3) by setting the Carrier Power (P c ) to 4 Watts with V^c = 12 Vdc and 
noting the power input. Then the Peak Envelope Power (PEP) is noted after doubling the original power input to simulate driver modulation 
(at a 25% duty cycle for thermal considerations) and raising the Vqc to 24 Vdc (to simulate the modulating voltage). Percentage Up- 
Modulation is then determined by the relation: 

Percentage Up-Modulation = 




10 14 18 22 26 


V CC , COLLECTOR SUPPLY VOLTAGE (VOLTS) 


Cl, C2 — 9.0-180 pF ARCO 463 or equivalent 
C3, C4 — 4.0-80 pF ARCO 462 or equivalent 
C5 — 0.02 mF ceramic disc 
C6 — 0.1 mF ceramic disc 

RFC1 — 4 turns #30 enameled wire wound on ferroxcube bead 
type 56-590-65/3B 

RFC2 — 26 Turns #22 enameled wire (2 layers — 13 turns each 
layer) 1/4" inner diameter 
LI — 0.22 juH molded choke 
L2 — 0.68 mH molded choke 


FIGURE 3-27 MHz TEST CIRCUIT 
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(M) MOTOROLA 


MJ410 

MJ411 


HIGH VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for medium to high voltage inverters, converters, 
regulators and switching circuits. 

• High Collector-Emitter Voltage — 

VCEO = 200 Volts- MJ410 
300 Volts - MJ411 

• DC Current Gain Specified @ 1.0 and 2.5 Adc 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 0.8 Vdc @ lc = 1.0 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ410 

MJ411 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

300 

Vdc 

Collector-Base Voltage 

V CB 

200 

300 

Vdc 

Emitter-Base Voltage 

V£B 

50 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Peak 


10 


Base Current 

'b 

2.0 

Adc 

Total Device Dissipation @ Tc = 75°C 

Pd 

100 

Watts 

Derate above 75°C 


1 33 

W/°C 

Operating Junction Temperature Range 

Tj 

-65 tc 

+150 

°C 

Storage Temperature Range 

T stg 

-65 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.75 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 

| Characteristic [ Symbol | Min [ Max | Unit [ 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 


v CEO(sus) 



Vdc 

(lc= 100 mAdc, l B = 0) 

MJ410 


200 

- 


MJ411 


300 

- 


Collector Cutoff Current 


l CEO 



mAdc 

<V CE = 200 Vdc, lg = 0) 

MJ410 


- 

0.25 


(V CE =300 Vdc, l B = 0) 

MJ411 


- 

0.25 


Collector Cutoff Current 


•CEX 



mAdc 

( V CE = 200 Vdc, V EB ( off ) = 1 .5 Vdc, 
T C = 125°C) 

MJ410 



0.5 


( V CE = 300 Vdc, V EB ( off ) - 1 .5 Vdc, 
T C = 125°C> 

MJ411 



05 


Emitter Cutoff Current 


<EBO 

- 

5.0 

mAdc 

(V EB = 5.0 Vdc, l C = 0) 







ON CHARACTERISTICS 


DC Current Gam 
(1C = 10 Adc, V CE = 5.0 Vdc) 
dC = 2.5 Adc, V C E = 5.0 Vdc) 

h F £ 

30 

10 

90 


Collector-Emitter Saturation Voltage 
(l c = 1.0 Adc, l B = 0.1 Adc) 

v CE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
dC = 1.0 Adc, l B = 0.1 Adc) 

v BE(sat) 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

fT 

25 

- 

MHz 

(1C = 200 mAdc, V C E = 10 Vdc, 





f = 1.0 MHz) 






5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

200-300 VOLTS 
100 WATTS 
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STYLE 1. 

PIN 1 BASE 

2. EMITTER NOTE: 

CASE. COLLECTOR 1. DIM "Q" IS DIA. 
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CASE 11-01 

TO-3 
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Ic, COLLECTOR CURRENT (AMP) 


MJ410, MJ411 


FIGURE 1 -ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor junction temperature and secondary breakdown. Safe 
operating area curves indicate lc~ V ce limits of the transistor that 
must be observed for reliable operation, i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj(p|<) = 150°C; Tq is variable 
depending on conditions. Pulse curves are valid for duty cycles of 
10% provided Tjjp^)^ 150°C. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 


VCE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 2 — DC CURRENT GAIN 



0.05 0.1 0.2 0 3 0.5 1 0 2.0 3 0 5 0 



0.05 0.1 0 2 0 3 0.5 1.0 2 0 3 0 5.0 


IC, COLLECTOR CURRENT (AMP) 


I C, COLLECTOR CURRENT (AMP) 



0 100 200 300 400 500 


FIGURE 5 — SUSTAINING VOLT AGE TEST Cl RCUIT 


50 mH 



VCE, COLLECTO R-EMITTER VOLTAGE (VOLTS) 
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(M) MOTOROLA 


MJ413 

MJ423 

MJ431 


HIGH-VOLTAGE NPN SILICON TRANSISTORS 

. . . designed for medium-to-high voltage inverters, 
converters, regulators and switching circuits. 

• High Voltage — V CEX = 400 Vdc 

• Gain Specified to 3.5 Amp 

• High Frequency Response to 2.5 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ413 

MJ423 

MJ431 

Unit 

Collector-Emitter Voltage 

V CEX 

400 

400 

400 

Vdc 

Collector-Base Voltage 

V CB 

?IR5 

400 

"TOO 

V3c 

Emitter-Base Voltage 

V EB 

5.0 

5. 0 

5. o 

VSc 

Collector Current — Continuous 

X C 

10 

10 

10 

Adc 

Base Current 

X B 

2.0 

2.0 

2.0 

Adc 

Total Device Dissipation @ T r - 25°C 

P D 


125 


Watts 

Derate above 25°C c 



1.0 


W/ # C 

Operation Junction Temperature Range 

T J 

-65 to +150 

*C 

Storage Temperature Range 

T stg 

-66 to +206 

"C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance , Junction to Case 

©JC 

1.0 

•c/w 


ELECTRICAL CHARACTERISTICS (T c = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector -Emitter Sustaining Voltage* 
a c = 100 mAdc, I B = 0) 

BV CEO(sus) 

325 

— 

Vdc 

Collector Cutoff Current 

(V-,-. = 400 Vdc, V_ n/ m = 1. 5 Vdc) MJ413, MJ423 

CE EB(off) MJ431 

(V nv = 400 Vdc, V__. ... = 1. 5 Vdc, MJ413, MJ423 

Lb EtSiOII) 

T c = 125*C) 

X CEX 

1 1 1 1 

0.25 

2.5 

0.5 

5.0 

mAdc 

mAdc 

Emitter Cutoff Current 

(V BE - 5. 0 Vdc, I c - 0) MJ423 

X EBO 


5.0 

2.0 

mAdc 


ON CHARACTERISTICS 


DC Current Gain ( 1 1 

a c = 0. 5 Adc, V CE = 5. 0 Vdc) 

MJ413 

h FE 

20 

80 

- 

(I c = 1.0 Adc, V CE = 5.0 Vdc) 



15 



a c = 1.0 Adc, V CE = 5.0 Vdc) 

MJ423 


30 

90 


(I c = 2.5Adc, V CE = 5.0Vdc) 



10 

~ 


a c = 2. 5 Adc, V CE = 5. 0 Vdc) 

MJ431 


15 

35 


a c = 3. 5 Adc, V CE = 5. 0 Vdc) 



10 



Collector- Emitter Saturation Voltage HI 
(I c = 0.5Adc, Ig* 0.05 Adc) 

MJ413 

V CE(sat) 

— 

0.8 

Vdc 

(I c = 1. 0 Adc, ^ = 0. 10 Adc) 

MJ423 


- 

0.8 


d c = 2. 5 Adc, = 0. 5 Adc) 

MJ431 


- 

0.7 


Base- Emitter Saturation Voltage'll) 
d c = 0. 5 Adc, lg = 0. 05 Adc) 

MJ413 

V BE(sat) 

_ 

1.25 

Vdc 

d c - 1. 0 Adc, Ig » 0. 1 Adc) 

MJ423 


— 

1.25 


d c - 2. 5 Adc, Ig » 0. 5 Adc) 

MJ431 


~ 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
d c * 200 mAdc, V CE « lOVdc, 

f T 

2.5 


MHz 

f- 1.0 MHz) 






(DPW 4 300 n». Duty Cycle 4 2.0% 


10 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

400 VOLTS 
125 WATTS 



1 ' .."ri 

|_ 

f 1 

L4 


LU==£h- 

SEATING U L 

PLANE 



PIN 1. BASE 


2. EMITTER 
CASE: COLLECTOR 



MILLIMETERS! INCHES | 

DIM 

MIN ! MAX 1 MIN I MAX I 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

111.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


CASE 11-01 

TO -3 


1-445 




h K , DC CURRENT GAIN l c COLLECTOR CURRENT (mA) lc. COLLECTOR CURRENT (AMP) 


MJ413, MJ423, MJ431 


FIGURE 1 - ACTIVE-REGION SAFE-OPERATING AREA 
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1.0 2.0 4.0 6.0 10 20 40 60 100 200 400 1000 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 3 - SUSTAINING VOLTAGE TEST LOAD LINE 



FIGURE 5 -CURRENT GAIN 



FIGURE 2 - POWER-TEMPERATURE DERATING CURVE 



FIGURE 4 - SUSTAINING VOLTAGE TEST CIRCUIT 


50 mHy 



FIGURE 6 - TRANSCONDUCTANCE 
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MJ802 



MOTOROLA 


HIGH-POWER NPN SILICON TRANSISTOR 

. . . for use as an output device in complementary audio amplifiers to 
100-Watts music power per channel. 

• High DC Current Gain — hpg = 25-100 @ lc = 7.5 A 

• Excellent Safe Operating Area 

• Complement to the PNP MJ4502 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CER 

100 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Collector-Emitter Voltage 

VCEO 

90 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

'C 

30 

Adc 

Base Current 

*B 

7.5 

Adc 

Total Device Dissipation @Tc = 25°C 

PD 

200 

Watts 

Derate above 25°C 


1.14 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J> T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

°C/W 



0 20 40 60 80 100 120 140 160 180 200 

Tc, CASE TEMPERATURE (°C) 


30 AMPERE 
POWER TRANSISTOR 

NPN SILICON 

100 VOLTS 
200 WATTS 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 


- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 


0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

_ 

26.67 

- 

1.050 


NOTE: 

1. DIM "Q” IS DIA. 


CASE 11-01 
T 0-3 
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Ic, COLLECTOR CURRENT (AMP) fiFE, NORMALIZED CURRENT GAIN 


MJ802 


ELECTRICAL CHARACTERISTICS (Tc * 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage ^ 

bv CER 

100 

_ 

Vdc 

0c = 200 mAdc, Rg E = 100 Ohms) 





Collector-Emitter Sustaining Voltage W 

v CEO(sus) 

90 

_ 

Vdc 

Oc = 200 mAdc) 




Collector-Base Cutoff Current 

'CBO 



mAdc 

(Vcb = 100 Vdc, l E = 0) 

- 

1.0 


(V CB = 100 Vdc, l E = O, T C = 1 50°C) 


- 

5.0 


Emitter-Base Cutoff Current 

'ebo 

_ 

1.0 

mAdc 

(Vg E = 4.0 Vdc, Ic = 0) 





ON CHARACTERISTICS (D 


DC Current Gain Ml 

(IC ~ 7.5 Adc, V C e = 2.0 Vdc) 

h FE 

25 

100 

- 

Base-Emitter "On" Voltage 

(l c = 7.5 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.3 

Vdc 

Collector-Emitter Saturation Voltage 
(l C = 7.5 Adc, l B = 0.75 Adc) 

v CE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product 

fT 

2.0 

_ 

MHz 

(IC = 1-0 Adc, Vce = 10 Vdc, f = 1.0 MHz) 






111 

Pulse Test: Pulse Widths 300 jus. Duty Cycle <2.0%. 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

IC, COLLECTOR CURRENT (AMP) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

IC, COLLECTOR CURRENT (AMP) 



1.0 2.0 3.0 5.0 10 20 30 50 100 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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(M) MOTOROLA 


MJ900, MJ901 PNP 
Mi 1000, MJ1001 NPN 


MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 

. . . for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain — hpp = 6000 (Typ) @ lc = 3.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


MAXIMUM RATINGS 


Rating 

— 

Symbol 

MJ900 

MJ1000 

MJ901 

MJ1001 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current 

'c 

80 

Adc 

Base Current 

'b 

0 

.1 

Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 

90 

Watts 

Derate above 25°C 


0.515 

w/°c 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-55 to +200 

°c 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.94 

°C/W 


FIGURE 1 - DARLINGTON CIRCUIT SCHEMATIC 




8.0 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
90 WATTS 





STYLE 1: 

PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS OIA. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 
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MJ900, MJ901 PNP/MJ1000, MJ1001 NPN 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

<l c = 100 mAdc, l B = 0) 

MJ900, MJ1000 
MJ901, MJ1001 

bvceo 

60 

80 

- 

Vdc 

Collector Emitter Leakage Current 
(Vcb = 60 Vdc, R BE = 1 0 k ohm) 

MJ900, MJ1000 

•CER 

_ 

1 0 

mAdc 

(Vcb - 80 Vdc, R B e = 1 0 k ohm) 

MJ901, MJ1001 



1 0 


( V CB = 60 Vdc, R BE = 1 .0 k ohm, T C = 1 50°C) 

MJ900, M J 1 000 


- 

5.0 


(Vqb = 80 Vdc, R B e = 1 0 k ohm, T c = 1 50°C) 

MJ901, MJ1001 


- 

50 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, I C = 0) 

•ebo 

- 

20 

[ 

mAdc 

Collector-Emitter Leakage Current 
(Vce = 30 Vdc, l B = 0) 

MJ900, MJ1000 

>CEO 

_ 

500 

MAdc 

(Vq E = 40 Vdc, l B = 0) 

MJ901, MJ1001 


- 

500 



ON CHARACTERISTICS 


DC Current Gaind ) 

(l C = 3.0 Add, V CE = 3.0 Vdc) 

(Iq = 4.0 Adc, Vce = 3.0 Vdc) 

hFE 

1000 

750 

: 


Collector-Emitter Saturation Voltaged) 

(lC = 3 0 Adc, l B = 12 mAdc) 

^ce (sat) 

_ 

20 

Vdc 

(lC = 8.0 Adc, l B = 40 mAdc) 


- 

4.0 


Base-Emitter Voltaged) 

0c = 3.0 Adc, Vce = 30 Vdc) 

V BE 


2.5 

Vdc 


( 1 )Pulse Test. Pulse Width < 300 ms, Duty Cycled 2.0% 


FIGURE 2 -DC CURRENT GAIN FIGURE 3 -SMALL-SIGNAL CURRENT GAIN 



0.01 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


lC, COLLECTOR CURRENT (AMP) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 


1C, COLLECTOR CURRENT (AMP) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate lc~ V qe limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 



. 1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


VCE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 
must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. 
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MOTOROLA 


MJ2500, MJ2501 PNP 
MJ3000, MJ3001 NPN 


MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 


. . . for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain — hpp = 4000 (Typ) @ Iq = 5.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 


10 AMPERE 
DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-80 VOLTS 
150 WATTS 


MAXIMUM RATINGS 





Rating 

Symbol 

MJ2500 

MJ2501 


MJ3000 

MJ3001 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Co Hector- Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 
- 

V EB 

5.0 

Vdc 

Collector Current 

•c 

10 

Adc 

Base Current 

>B 

0.2 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 

150 

Watts 

Derate above 25°C 


0.857 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J' T stg 

-55 to +200 

°C 

THERMAL CHARACTERISTICS 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.17 

°C/W 








FIGURE 1 -DARLINGTON CIRCUIT SCHEMATIC 
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STYLE 1 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

_ 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 
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MJ2500, MJ2501 PNP/MJ3000, MJ3001 NPN 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic j Symbol | Min | Max { Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(l C = lOOmAdc, l B = 0) 

MJ2500, MJ3000 

MJ2501, MJ3001 

bv C eo 

60 

80 

- 

Vdc 

Collector Emitter Leakage Current 


>CER 



mAdc 

( Vcb = 60 Vdc, Rgg = 1 .0 k ohm) 

MJ2500, MJ3000 


- 

1.0 


( Vcb = 80 Vdc, R BE = 1 .0 k ohm) 

MJ2501, MJ3001 


- 

1.0 


(V C b = 60 Vdc, R BE = 1 .0 k ohm, T c = 150°C) 

MJ2500, MJ3000 


~ 

5.0 


(V C B = 80 Vdc, R BE = 1 .0 k ohm, T c = 150°C) 

MJ2501, MJ3001 


- 

5.0 


Emitter Cutoff Current 


•ebo 

- 

2.0 

mAdc 

(V BE = 5.0 Vdc, I C = 0) 






Collector-Emitter Leakage Current 


!CEO 



mAdc 

(Vc E = 30 Vdc, 1 B = 0) 

MJ2500, MJ3000 


- 

1.0 


( V CE = 40 Vdc, l B = 0) 

MJ2501 , MJ3001 


- 

1.0 



ON CHARACTERISTICS (1) 


DC Current Gain 
dc = 5 0 Adc, Vce = 3.0 Vdc) 

h FE 

1000 

_ 


Collector-Emitter Saturation Voltage 
(l c = 5.0 Adc, l B = 20 mAdc) 

(l c = 10 Adc, l B = 50 mAdc) 

v CE(sat) 

- 

2.0 

40 

Vdc 

Base-Emitter Voltage 
(l c = 5.0 Adc, V CE = 3.0 Vdc) 

V BE 


30 

Vdc 


(l)Pulse Test: Pulse Width £300 ns. Duty Cycle <2 0% 
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1C, COLLECTOR CURRENT (AMP) 
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FIGURE 3 -SMALL-SIGNAL CURRENT GAIN 
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1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


1C, COLLECTOR CURRENT (AMP) 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc — VCE °* tlie transistor that 
must be observed for reliable operation; e.g., the transistor must 


not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations 
imposed by secondary breakdown. 
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MOTOROLA 


MJ3029 

MJ3030 


NPN SILICON HIGH-VOLTAGE TRANSISTORS 

. . . designed for TV horizontal and vertical deflection amplifier 
circuits. 

• High Collector-Emitter Sustaining Voltage — 

VCEO(sus) = 250 Vdc (Min) MJ3029 
325 Vdc (Min) MJ3030 

• Fast Fall Time in Horizontal Deflection — 

tf = 1.0 /ns (Max) @ Vcc = 80 Vdc - MJ3030 

• Excellent Gain Linearity for Vertical Deflection — 

hf e @ 0.4 Adc, hf e @ 0.3 Adc = 0.95 (Min) - MJ3029 


5 AMPERE 

POWER TRANSISTORS 
NPN SILICON 
250-325 VOLTS 
125 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ3029 

MJ3030 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

325 

Vdc 

Collector-Emitter Voltage 

V CER 

500 

- 

Vdc 

Collector-Emitter Voltage 

V CEX 

- 

700 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*C 

5.0 

Adc 

Base Current 

>B 

1.0 

Adc 

Total Device Dissipation @Tq = 25°C 
Derate above 25°C 

PD 

125 

1.0 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj.^stg 

-65 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1.0 

°C/W 






A 




j 

B 


L‘ 

t 3 

L 

1 



NOTES: 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GH) IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0: 

1 + 1 $.13(0.005)© | T [v© 1 

FOR LEADS: 

| 4 | 0.13 (0.005) ®T | V© | Q©[ 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


STYLE 1 
PIN I BASE 
2 EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

“in 

- 

21.08 

- 

0.830 


6.35 

7.62 

T250l 

0.300 

IF 

0.97 

1.09 

TT038 1 

0.043 

“F 1 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 
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Ic, COLLECTOR CURRENT (AMP) hpE, DC CURRENT GAIN 


MJ3029, MJ3030 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol [ Min Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(l) 

(l c = 0.1 Adc, l B = 0) 

MJ3029 

MJ3030 

v CEO(sus> 

250 

325 

Z 

Vdc 

Collector Cutoff Current 


•CER 



mAdc 

(V CE = 500 Vdc, R BE = 1.5 k Ohms) 

MJ3029 


- 

1 0 


Collector Cutoff Current 


<CEX 



mAdc 

<V CE = 700 Vdc, V EB(off ) = 1.5 Vdc) 

MJ3030 


- 

2.0 



ON CHARACTERISTICS 


DC Current Gain 

<I C = 0.3 Adc, V C E = 50 Vdc)(1> 

MJ3029 

h FE 1 

25 

_ 

- 

(l C = 0.4 Adc, V C E = 5.0 VdcXD 

MJ3029 

h FE 2 

30 

- 


Gain Linearity 

MJ3029 

h FE2 
h FE 1 

0.95 

- 


Collector-Emitter Saturation Voltage 
(IC = 3.0 Adc, l B = 0.8 Adc) 

MJ3030 

VcE(sat) 

- 

2.0 

Vdc 


SWITCHING CHARACTERISTICS 


Fall Time 


tf 

- 

1.0 

MS 

(Vcc = 80 Vdc, l c = 3.0 Adc,l B1 =0.8 Adc) Figure3 

MJ3030 






( 1 (Pulse T est: Pulse Width < 300 /xs. Duty Cycle g 2.0%. 


FIGURE 2 - DC CURRENT GAIN FIGURE 3 - TEST FOR FALL TIME 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 


IC, COLLECTOR CURRENT (AMP) 


150 mF 



"HP 21 2A: Set for 10 /is wide pulses at 2000 pulses per sec. 
(500 ms intervals). Adjust for I b 1 = 0.8 A. 

Bias: Adjust to 1 .5 V on a VTVM across the 200 n Pot. 
T: Pulse Transformer: Motorola Part No. 25D68782A01. 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 4 is based on Tjfpk) = 150°C; Tc is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<)^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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(M) MOTOROLA 


MJ3040 

MJ3041 

MJ3042 


HIGH VOLTAGE SILICON POWER 
DARLINGTONS 

. . developed for line operated amplifier, series pass and switching 
regulator applications. 


• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 300 Vdc (Min) - MJ3040, MJ3041 
= 350 Vdc (Mm) - MJ3042 

• High DC Current Gain — 

hpE = 100 (Min) @ lc = 2.5 Adc - MJ3040 

= 250 (Min) @ l c = 2.5 Adc - MJ3041, MJ3042 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 2.2 Vdc (Max) @ Iq = 2.5 Adc 

• Monolithic Construction with Built-In 

Base-Emitter Shunt Resistors 


DARLINGTON 
10 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

300, 350 VOLTS 
175 WATTS 



MAXIMUM RATINGS 


Rating 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
- Peak (1) 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol MJ3040 MJ3041 MJ3042 Unit 


V CB 


v CEO 


V EB 


PD 


Tj. T S1 


• 10 
- 15 


-175 - 
- 1.0 - 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 


(1 ) Pulse Width = 5.0 ms, Duty Cycle < 1 0%. 


DARLINGTON SCHEMATIC 




A -j 

r B r~| : 

L‘ 


,[ i 




STYLE 1 

PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

_ 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 
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MJ3040, MJ3041, MJ3042 


ELECTRICAL CHARACTERISTICS (T c - 2S°C unless otherwise noted ! 

( Characteristic | Symbol | Min | Max j Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
(l C = lOOmAdc, l B = 0) 

MJ3040, MJ3041 

MJ3042 

v CEO(sus) 

300 

350 

- 

Vdc 

Collector Cutoff Current 


'CBO 



mAdc 

(V C b - 400 Vdc, l E = 0) 

MJ3040, MJ3041 


- 

1.0 


(V CB = 500 Vdc, l E = 0) 

MJ3042 


- 

1.0 


( V C B “ 400 Vdc, l E = 0, T C = 100°C) 

MJ3040, MJ3041 


- 

5.0 


(V CB = 500 Vdc. I E = 0, T C = 100°C) 

MJ3042 


- 

5.0 


Emitter Cutoff Current 


•ebo 



mAdc 

(V BE = 5.0 Vdc, l C = 0) 



- 

40 



ON CHARACTERISTICS 


DC Current Gain 

(lC = 2.5 Adc, V C E = 5.0 Vdc) MJ3040 

MJ3041, MJ3042 

(l C = 5.0 Adc. V CE = 5.0 Vdc) MJ3040 

MJ3041, MJ3042 

hFE 

100 

250 

25 

50 

- 


Collector-Emitter Saturation Voltage 
(l C = 2.5 Adc, l B = 50 mAdc) 

(l c = 5.0 Adc, l B = 400 mAdc) 

VcE(sat) 

- 

2.2 

2.5 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 5.0 Adc, l B = 400 mAdc) 

v BE(sat) 

- 

3.0 

Vdc 

Base-Emitter On Voltage 
(l C = 2.5 Adc, V CE = 5.0 Vdc) 

v BE(on) 

- 

2.5 

Vdc 


FIGURE 1 - FORWARD BIAS SAFE OPERATING AREA 



VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor - average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - V^E limits of the tran- 
sistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 


FIGURE 2 - DC CURRENT GAIN 
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MOTOROLA 


NPN 

MJ3247 

MJ3248 

MJ4247 

MJ4248 


TO-66 


PNP 

MJ3237 

MJ3238 

MJ4237 

MJ4238 


COMPLEMENTARY SILICON 
POWER TRANSISTORS 

. designed for use as high-frequency drivers in audio amplifiers. 

• DC Current Gain Specified to 4.0 Amperes 

h FE = ® ( C = 3.0 Adc 

= 20 (Min) @ l c = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - 

V/-.r- r -\/ V = 120 Vdc (Min) 

CEO(sus) = 15Q Vdc (Mjn) 

• High Current Gain - Bandwidth Product 

f T = 20 MHz (Min) @ l c = 500 mAdc 


RATING 

Symbol 

MJ4247 

MJ4237 

MJ3247 

MJ3237 

MJ4248 

MJ4238 

MJ3248 

MJ3238 

Unit 

Collector-Emitter Voltage 

V CEO 

120 

150 

Vdc 

Col lector- Base Voltage 

V CB 

120 

150 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

Peak 

*C 

8.0 

16 

Adc 

Base Current — Continuous 

’b 

2.0 

Adc 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +150 

°C 


TO-3 

TO-66 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

P D 

90 

0.51 

75 

0.43 

Watts 
W °C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

TO-3 

TO-66 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.94 

2.33 

°C/W 


- POWER DERATING 
















— 

\ 








s 

^TO-3 





10-66^ 









.Nj 
































25 50 75 100 125 150 175 200 

TC. CASE TEMPERATURE (°C) 


8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

120 150 VOLTS 
75 WATTS - TO-66 
90 WATTS - TO-3 



h— 1 *-l 




r WUU JU-JU l l// 

G 10 67 11 18 0 420 ' 

H 5 33 5 59 0 210 ' 

J 16 64 17 15 0 655 


1 - 126 67 | - 

Collector connected to i 
CASE 11-01 
(TO 3) 


STYLE 1 
PIN 1 BASE 
2 EMITTER 
. CASE COLLECTOR 


ALU 


biH. 



[MILLIMETERS INCHES 
DIM ~mTn~1 max ~min J max 

B 11 94 1 12 70 0 470 1 0 500 ~ 


STYLE 1 
PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 


1.3 
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NPN MJ3247, MJ3248, MJ4247, MJ4248 
PNP MJ3237, MJ3238, MJ4247, MJ4238 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

V CEO(sus) 



Vdc 

(l c = 10 mAdc, l B = 0) MJ4237, MJ4247, MJ3237, MJ3247 


120 

- 


MJ4238, MJ4248, MJ3238, MJ3248 


150 

- 


Collector Cutoff Current 

*CEO 



mAdc 

(V CE = 120 Vdc, l B = 0) MJ4237, MJ4247, MJ3237, MJ3247 


- 

0.1 


(V CE = 150 Vdc, l B = 0) MJ4238, MJ4248, MJ3238, MJ3248 


- 

0.1 


Collector Cutoff Current 

’CBO 



MAdc 

(V CB = 120 Vdc, l E = 0) MJ4237, MJ4247, MJ3237, MJ3247 


- 

10 


< V CB = 150 Vdc ' >E = 0) MJ4238 - MJ4248, MJ3238, MJ3248 


- 

10 


Emitter Cutoff Current 

‘ebo 

- 

10 

MAdc 

(V be = 5.0 Vdc, l c = 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 0.1 Adc, V CE = 2.0 Vdc) 

(l c = 2.0 Adc, V CE = 2.0 Vdc) 

<l c = 3.0 Adc, V CE = 2.0 Vdc) 

(l c = 4.0 Adc, V CE = 2.0 Vdc) 

h FE 

40 

40 

40 

20 

- 


DC Current Gain Linearity 

(Vce From 2.0V to 20V, Iq From 0.1 A to 3A) 

(NPN TO PNP) 

h FE 

Typ 

2 

3 


Collector-Emitter Saturation Voltage 
(l c = 1.0 Adc, l B = 0.1 Adc) 

V CE(sat) 

~ 

0.5 

Vdc 

Base-Emitter On Voltage 

(l c = 1.0 Adc, V CE = 2.0 Vdc) 

V BE(on) 


1.0 

Vdc 

DYNAMIC CHARACTERISTICS 

Current Gain — Bandwidth Product (2) 

(! c = 500 mAdc, V CE = 10 Vdc, f test = 10 MHz) 

f T 

20 

_ 

MHz 


(1 )Pulse Test: Pulse Width ^ 300 ms, Duty Cycle ^ 2.0%. 
< 2 > f T * I h fe I * 'test 


FIGURE 2 - CAPACITANCES 



FIGURE 3 - CURRENT GAIN BANDWIDTH PRODUCT 
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NPN MJ3247, MJ3248, MJ4247, MJ4248 
PNP MJ3237, MJ3238, MJ4247, MJ4238 


FIGURE 4 - THERMAL RESPONSE (TO-66) 



FIGURE 5 - THERMAL RESPONSE (TO-3) 



t. TIME (ms) 


FORWARD BIAS SAFE OPERATING AREA 



o.oi 1 I I 1 . L. LL l .il I I I L 1 II 1 1 1 1 1 

1.5 3.0 5.0 10 20 50 100 150 


V CE , COLLECTOR - EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - MJ4237, 38/MJ4247, 48 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vq^ limits of the transis- 
tor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves 
indicate. 


Second breakdown pulse limits are valid for duty cycles to 
10%. At high case temperatures, thermal limitations may reduce 
the power that can be handled to values less than the limitations 
imposed by second breakdown. 
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V, VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 


NPN MJ3247, MJ3248, MJ4247, 
PNP MJ3237, MJ3238, MJ4247, 




l C , COLLECTOR CURRENT (AMPS) 


FIGURE 10 


t, TIME (ms) O V, VOLTAGE (VOLTS) : h FE , DC CURRENT GAIN 


CURRENT GAIN 


PNP 



10 i 1 i i i i i i i i i 1 1 1 i — i I " , i i-i - i 

0.1 0.2 0.5 1.0 2.0 5.0 10 

lC, COLLECTOR CURRENT (AMPS) 


✓OLTAGE 



l C , COLLECTOR CURRENT (AMP) 



l c , COLLECTOR CURRENT (Amp) 
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(M) MOTOROLA 


MJ4030, MJ4031, MJ4032 PNP 
MJ4033, MJ4034, MJ4035 NPN 


MEDIUM-POWER COMPLEMENTARY 
SILICON TRANSISTORS 


. . . for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain — hpp = 3500 (Typ) @ Iq = 10 Adc 

• Monolithic Construction with Built-In Base-Emitter 


Shunt Resistor 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ4030 

MJ4033 

MJ4031 

MJ4034 

MJ4032 

MJ4035 

Unit 

Collector-Emitter Voltage 


60 

80 

100 

Vdc 

Collector-Base Voltage 


60 

80 

100 

Vdc 

Emitter-Base Voltage 


5.0 

Vdc 

Collector Current 

•c 

16 

Adc 

Base Current 

•b 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 

n 

150 

0.857 


Operating and Storage Junction 
Temperature Range 


-55 to +200 

°c 

THERMAL CHARACTERISTICS 

Characteristic 


Max 

Unit 


°JC 

1.17 

°C/W 



FIGURE 1 -DARLINGTON CIRCUIT SCHEMATIC 




1.3 


16 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-100 VOLTS 
150 WATTS 




STYLE 1 

PIN 1. BASE 
| 2. EMITTER 

CASE COLLECTOR 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

EEEa 

A 

_ 

39.37 

_ 


B 

_ 

21.08 

_ 


C 

fi.35 

7.62 

0.250^ 


D 

0.97 

1.09 

0.038 

BEFll 

E 

1.40 

1.78 

0.055 

can, 

F 

29.90 

30.40 

1.177 

111: VI 

G 

10.67 

11.18 

0.420 

BEn 

H 

5.33 

5.59 

0.210 

iiMii 

J 

16.64 

17.15 

0.655 

ill MM 

K 

11.18 

12.19 

0.440 

mitiiim 

Q 

3.81 

4.19 

0.150 

Msm 

R 

- 

26.67 

_ 

MKMM 

U 

2.54 

3.05 

0.100 

EiEil 


CASE 1-04 
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MJ4030, MJ4031, MJ4032 PNP/MJ4033, MJ4034, MJ4035 NPN 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

| Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltaged) 

(l c = lOOmAdc, l B = 0) 

MJ4030, MJ4033 
MJ4031, MJ4034 
MJ4032, MJ4035 

BVcEO 

60 

80 

100 

- 

Vdc 

Collector Emitter Leakage Current 


ICER 



mAdc 

( V CB = 60 Vdc, R BE = 1 .0 k ohm) 

MJ4030, MJ4033 


- 

1 0 


( Vcb = 80 Vdc, R BE = 1 .0 k ohm) 

MJ4031, MJ4034 


- 

1.0 


(V C B = 100 Vdc, R BE = 1.0 k ohm) 

MJ4032, MJ4035 


- 

1.0 


(VCB = 60 Vdc, R BE = 1 .0 k ohm, T c = 150°C) 

MJ4030, MJ4033 


- 

50 


(Vcb = 80 Vdc, R BE = 1 0 k ohm, T c = 150°C) 

MJ4031, MJ4034 


- 

50 


(V C B “ 100 Vdc, r BE = 1 o k ohm, Tc = 1 50°C) 

MJ4032, MJ4035 


- 

50 


Emitter Cutoff Current 


>EBO 

- 

50 

mAdc 

(V BE =5.0 Vdc, l c = 0) 






Collector-Emitter Leakage Current 


'CEO 



mAdc 

(V C £ = 30 Vdc, 1 B = 0) 

MJ4030, MJ4033 


- 

30 


(Vce = 40 Vdc, l B = 0) 

MJ4031 , MJ4034 


- 

30 


(V C E = 50 Vdc, l B = 0) 

MJ4032, MJ4035 



30 



ON CHARACTERISTICS! 1) 


DC Current Gain 
<I C = 10 Adc, V C e = 3.0 Vdc) 

h FE 

1000 

- 


Collector-Emitter Saturation Voltage 

Vce (sat) 



Vdc 

(1 C = 1 0 Adc, 1 B = 40 mAdc) 


- 

2 5 


(lc = 16 Adc, l B = 80 mAdc) 


- 

40 


Base-Emitter Voltage 

V BE 

- 

30 

Vdc 

(l c = 10 Adc, Vce = 3-0 Vdc) 






(l)Pulse Test Pulse Width ^ 300 fis. Duty Cycle ^2 0% 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 


In, COLLECTOR CURRENT (AMP) 


FIGURE 4 - “ON” VOLTAGES 



0.02 0.05 0.1 0.5 1.0 5.0 10 20 


IQ. COLLECTOR CURRENT (AMP) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and secondary breakdown. 
Safe operating area curves indicate lc —V CE limits of the transistor 
that must be observed for reliable operation; e.g., the transistor 



f, FREQUENCY (Hz) 


FIGURE 5 -DC SAFE OPERATING AREA 



VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

must not be subjected to greater dissipation than the curves indicate. 

At high case temperatures, thermal limitations will reduce the 
power that can be handled to values less than the limitations im- 
posed by secondary breakdown. 
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MJ4502 



MOTOROLA 


HIGH-POWER PNP SILICON TRANSISTOR 


... for use as an output device in complementary audio amplifiers 
to 100-Watts music power per channel. 


High DC Current Gain - hp£ = 25-100 @ lc = 7.5 A 
Excellent Safe Operating Area 
Complement to the NPN MJ802 


30 AMPERE 
POWER TRANSISTOR 

PNP SILICON 

100 VOLTS 
200 WATTS 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CER 

100 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Collector-Emitter Voltage 

v CEO 

90 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current 

•c 

30 

Adc 

Base Current 

*B 

7.5 

Adc 

Total Device Dissipation @Tq = 25°C 

PD 

200 

Watts 

Derate above 25°C 


1.14 

W/°C 

Operating and Storage Junction 

Temperature Range 

Tl» T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

0.875 

°C/W 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 




PLANE 



PIN 1. BASE 

2. EMITTER NOTE: 

CASE: COLLECTOR 1. DIM "Q" IS DIA. 


— 

DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 

_ 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

— 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

_ 

1.050 


CASE 11-01 
TO-3 
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Ic, COLLECTOR CURRENT (AMP) hf£, NORMALIZED CURRENT GAIN 


MJ4502 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol j Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage"* 

bvcer 

100 

_ 

Vdc 

0c = 200 mAdc, R BE = 100 Ohms) 





Collector-Emitter Sustaining Voltage 

v CEO(sus) 

90 

_ 

Vdc 

(IC - 200 mAdc) 




Collector-Base Cutoff Current 

<CBO 



mAdc 

(V C b = 100 Vdc, l E = 0) 

- 

1.0 


(V C b = 100 Vdc, l E = 0, T c • 150°C) 


- 

5.0 


Emitter-Base Cutoff Current 

'ebo 

_ 

1.0 

mAdc 

(V BE = 4.0 Vdc, l c = 0) 





ON CHARACTERISTICS HI 


DC Current Gain 

(l C = 7.5 Adc, V CE = 2.0 Vdc) 

h F £ 

25 

100 

- 

Base-Emitter "On" Voltage 

(l C = 7.5 Adc, V CE = 2.0 Vdc) 

v BE(on) 

- 

1.3 

Vdc 

ColJector-E matter Saturation Voltage 
dC = 7.5 Adc, Ir = 0.75 Adc) 

v CE(sat) 

- 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 7.5 Adc, l B = 0.75 Adc) 

v BE(sat) 


1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain - Bandwidth Product 

fT 

2.0 

_ 

MHz 

(IC = 10 Adc, Vqe = 10 Vdc, f = 1.0 MHz) 






(1) Pulse Test: Pulse Widths 300 ^s, Duty Cycle ^ 2.0%. 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 


IC, COLLECTOR CURRENT (AMP) 



0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 

IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - ACTIVE REGION SAFE OPERATING AREA 



1-464 










MOTOROLA 


MJ4645 

thru 

MJ4647 


PNP SILICON POWER TRANSISTORS 

. . . designed for high-voltage amplifier and saturated switching 
applications at collector currents to one Ampere. Ideally suited for 
applications of dc-to-dc converters, relay and hammer drivers, motor 
controls, and servo and pulse amplifiers. High-voltage ratings permit 
direct-line operation. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = < 1 -5 Vdc (Max) @ lc ” 500 mAdc 

• High Collector-Emitter Breakdown Voltage - 

BVCEO = 200, 300, and 400 Vdc (Min) 

• DC Current Gain Specified - 10 mAdc to 500 mAdc 


1.0 AMPERE 
POWER TRANSISTORS 
PNP SILICON 
200-300 400 VOLTS 
5 WATTS 


MAXIMUM RATINGS 



Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


Total Device Dissipation @ Tq = 25°C 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol MJ4645 MJ4646 MJ4647 Unit 


v CEO 


V CB 


VEB 


P D 


T J' T stg 


300 


400 


0.5 
1 0 


Vdc 


mW/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

«JC 

35 

°C/W 





STYLE 1 

G PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.89 

9.40 

0.350 

0.370 

B 

8.00 

8.51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0.260 

D 

—1 

■iMckl 

hiltiU 


E 

0.229 

3.18 



F 


■tlftEl 

warn 

■iHilliMB 

MEM 

wwm 

5.33 

fciTfcLItl 

0.210 

H 

0.711 

■nM&i 

■ilirLl 

imkii 

J 

■3E9 

■fiVS 


■mini 

K 

SHE# 


■imlil 

- 

L 




- 

I 


KHl 

noj 

Mm 

MEM 

HUH 

Q 

HUMS 

■n 

R 

WHBM 

fM 



All JEDEC dimensions and notes apply. 

CASE 79-02 
TO-39 
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MJ4645 thru MJ4647 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

bv CEO 




Vdc 

(1C = 10 mAdc, l B = 0) MJ4645 


200 

- 

- 


MJ4646 


300 

- 

_ 


MJ4647 


400 


_ 


Collector-Base Breakdown Voltage 

BVcbO 




Vdc 

( 1 C = 1 00 M Adc, 1 E = 0) MJ4645 


200 

- 

- 


MJ4646 


300 

- 

- 


MJ4647 


400 


~~ 


Emitter-Base Breakdown Voltage 

BV E bo 

5.0 

- 

- 

Vdc 

(l E = 100 ^Adc, l c = 0) 




: 


Collector Cutoff Current 

i 

•CEX 


- 

10 


<V CE = 200 Vdc, V BE (off, = 0.5 Vdc) 







ON CHARACTERISTICS 


DC Current Gain 

Oc = 10 mAdc, V CE = 10 Vdc) 

(1C = 100 mAdc, V CE = 10 Vdc) (1) 

(l C = 500 mAdc, V CE = 10 Vdc) (1) 

h FE 


- 

- 


Collector-Emitter Saturation Voltage 





Vdc 

( 1 C = 500 mAdc, 1 B = 1 00 mAdc) MJ4645 


- 




MJ4646 


- 




MJ4647 


- 





DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(1C = 70 mAdc, Vqe = 20 Vdc, f = 20 MHz) MJ4645, MJ4646 

MJ4647, 



- 

- 

■ 

Output Capacitance 





pF 

(V C R = 20 Vdc, l E = 0, f = 100 kHz) 






MJ4645 


- 


80 


MJ4646, MJ4647 


- 

- 

60 



SWITCHING CHARACTERISTICS 


Delay Time 

(V C C = 100 Vdc, l C = 500 mAdc, 

l B f = 50 mAdc, V BE ( 0 ff, = 5.0 Vdc) 

Id 

- 

_ 

100 

ns 

Rise Time 

tr 

- 

- 

100 

ns 

Turn-Off 

Time 

(Vqc = 100 Vdc, l C = 500 mAdc, 

I B 1 = l B 2 = 50 mAdc, Pulse Width =1.0 ms) 

toff 

- 

- 

720 

ns 


( 1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 1000 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vq|= limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 2 is based on Tj( p |<) = 200°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p |<) < 200°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed 
by second breakdown. 
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MOTOROLA 


Ml 6502 
MJ6503 


Designe 


Sheet 


SWITCHMODE SERIES 
PNP SILICON POWER TRANSISTORS 


PNP SILICON 
POWER TRANSISTORS 


The MJ6502 and MJ6503 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line operated switchmode 
applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times T 

100 ns Inductive Fall Time @ 25°C (Typ) S 

125 ns Inductive Crossover Time @ 25°C (Typ) 3 

Operating Temperature Range -65 to +200°C f , ^ 

100°C Performance Specified for: T " 

Reversed Biased SOA with Inductive Loads [ 

Switching Times with Inductive Loads ° \~ J 

Saturation Voltages 

Leakage Currents T 


MAXIMUM RATINGS 


Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter Base Voltage 
Collector Current — Continuous 
Peak (1 ) 

Base Current — Continuous 

Peak (1) 

Total Power Dissipation @ Tq = 25°C 
@ T C = 100°C 

Derate above 25°C 
Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Symbol 

MJ6502 

I 

1 

| 

MJ6503 

v CEO(sus) 

250 

400 

V CEV 

300 

450 

< 

m 

03 

6.0 

>c 

8.0 

'cm 

16 

' B 

4.0 

'BM 

8.0 


125 

71.5 

0.714 

-65 to +200 


250 AND 400 VOLTS 
125 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design 





Characteristic 

Symbol 

Max 

Unit | 

Thermal Resistance, Junction to Case 

R 0JC 

1.4 

o 

o 

Maximum Lead Temperature for Soldering 

Purposes: 1/8" from Case for 5 Seconds 


275 

°C 

(1 ) Pulse Test. Pulse Width = 5 ms. Duty Cycle < 10%. 





NOTES. 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GT) IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

| » | >.13 (0.006)© 1 T [v® [ 

FOR LEADS: 

| + | +.t3(0.005)©T j V® 1 0© 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 

[millimeters] INCHES 

DIM ~ MIN MAX MIN MAX~ 

A - 39.37 - 1.550 

B - 21,08 - 0.830 

C 6,35 7,62 0.250 0,300 

D 0.97 1,09 0.038 0.043 

E ~ 1.40 1 1.78 0.0551 0-07r 

F 3015 BSC 1,187 BSC 


STVLE I 
PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 


G 10,92 BSC 0,430 BSC 

H 5.46 BSC 0.215 BSC 

J 16.89 BSC 0,665 BSC 

k 1M8I irnr 0.4401 0.480 

Q 3,81 4.19 0.150 0J65~ 

R - 26.67 - T050~ 

U 4,83 5.33 0.190 oTTF 

V 3.81 4.19 0.150 1 0.165~ 
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MJ6502, MJ6503 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ 1 Max j Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1 ) MJ6502 

(1C * 10 mA, l B = 0) MJ6503 

v CEO(sus) 

250 

400 

- 

- 

Vdc 

Collector Cutoff Current 

(VcEV = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 

(V C EV = Rated Value, V BE ( off ) = 1.5 Vdc, T C = 150°C) 

'CEV 

- 

- 

0.5 

2.5 

mAdc 

Collector Cutoff Current 

(V CE = Rated V CEV , RbE = 50 n. T c = 100°C) 

•CER 

- 

- 

3.0 

mAdc 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, l c = 0) 

! EBO 

- 

- 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See F igure 1 2 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1) 


DC Current Gam 

(l C = 2.0 Adc, V CE = 5 Vdc) 

h FE 

15 

- 



Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(1C = 4 Adc, l B = 1.0 Adc) 


- 

- 

1.5 


Oc = 8 Adc, l B = 3.0 Adc) 


_ 

- 

5.0 


(l c = 4 Adc, l B = 1.0 Adc, T c = 100°C) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 4 Adc, l B = 1.0 Adc) 


- 

- 

1.5 


(l C = 4 Adc, l B = 1.0 Adc, T C = 100°C) 


- 

- 

1 5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

100 

- 

400 

PF 

(V CB = 10 Vdc, l E = 0, f tes t = 10 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay T ime 

(V CC = 250 Vdc, l C ----- 4.0 A, I B1 = 1.0 A, 
t p = 50 ms, Duty Cycle ^ 2%) 

*d 

- 

0.025 

0.1 

MS 

Rise T ime 

t r 

- 

0.100 

0.5 

MS 

Storage Time 

(Vqc = 250 Vdc, lc = 4.0 A, l B i =1.0 A, 

V BE ( 0 ff) = 5 Vdc, tp = 50 ms. Duty Cycle ^ 2%) 

ts 

- 

0.60 

2.0 

MS 

Fall Time 

tf 

- 

0.11 

0.5 

MS 

Inductive Load, Clamped (Table 1) | 

Storage T ime 

(l c =4 A(pk), V C E<pk) = 250 Vdc, I B1 = 1.0 A, 
v BE(off) = 5 Vdc, T C = 100°C) 

l sv 

- 

0.8 

3.0 

MS 

Crossover T ime 

x c 

- 

0.4 

1.5 

MS 

Fall Time 

tfi 

- 

0.1 

- 

MS 

Storage Time 

(l C = 4A(pk), V C E(pk) = 250 Vdc, I B1 = 1.0 A, 
V B E(off) = 5 Vdc, T C = 25°C) 

Isv 

- 

0.5 


MS 

Crossover Time 

tc 

- 

0.125 


MS 

Fall Time 

tfi 


0.1 


MS 


(1) Pulse Test: PW = 300 ms, Duty Cycle <2% 
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MJ6502, MJ6503 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


0 2 500 0.1 mF - 


?? r 


50 n £ % W5 

2 w 5 1 111 


0.2 juF 500 12 1/2 w O.lju 


— V adjusted to obtain desired Ig-] 

+ V adjusted to obtain desired VgE( 0 ff) 


R adjusted to attain I 


Pulse Width = 1 0 jus 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


O See above Equivalent 

jjj for Detailed 

UJ Conditions V r | amn 



Scope Tektronix 
475 or Equivalent 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - INDUCTIVE SWITCHING TIMES 



io%-icH °- 6 



0 12 3 


5 6 7 


VBE(off), BASE-EMITTER VOLTAGE (VOLTS) 


EfZi] 






MJ6502, MJ6503 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I b i to 10% V CE (pk) 
t rv = Voltage Rise Time, 10-90% VQ^(pk) 
tfj = Current Fall Time, 90—10% Iq 
t t j = Current Tail, 10-2% lc 
t c = Crossover Time, 10% Vc^(pk) to 10% Iq 
A n enlarged portion of the inductive switching waveforms 



0 1 0 2 0.3 0 5 0 7 1.0 2.0 3.0 5.0 7 0 10.0 

1C, COLLECTOR CURRENT (AMPS) 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 v CC'C (t c )f 

In general, t rv + tf| — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 



0 1 0 3 0 5 0.7 1 0 2 0 4 0 7.0 10 

1C, COLLECTOR CURRENT (AMPS) 


FIGURE 11 - THERMAL RESPONSE 



t, TIME (ms) 
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MJ6502, MJ6503 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor average junction temperature and second 
breakdown. Safe operating area curves indicate lc - VCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C, Tj(pj<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C Second breakdown limitations 
do not derate the same as thermal limitations Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
F igure 1 5 . 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the RBSOA characteristics. 


FIGURE 14 PEAK REVERSE BASE CURRENT 


FIGURE 15 POWER DERATING 



VBE(off), BASE-EMITTER VOLTAGE (VOLTS) 



ol I I I I I I I I 

o 40 80 120 160 200 


Tc. CASE TEMPERATURE (°C) 
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Pd, POWER DISSIPATION (WATTS) 


MJ6700 



MOTOROLA 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide-band amplifier applications. 

• Low Collector-Emitter Saturation Voltage - VcE(sat) = L2 Vdc 

(Max) @ lc = 7.0 Adc 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact, High Dissipation TO-59 Case 

• Isolated Collector Configuration — 700 V Breakdown 


MAXIMUM RATINGS 


Rating 

Symbol 

VU6700 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

v EB 

5.0 

Vdc 

Collector Current — Continuous 

'C 

7.0 

Adc 

Base Current 

■b 

1.0 

Adc 

Total Device Dissipation @ Tc = 25°C 

Pd 

60 

Watts 

Derate above 25°C 


343 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J- T stg 

-65 to +200 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

2.91 

°C/W 


FIGURE 1 - POWER-TEMPERATURE DERATING CURVE 



Tc, CASE TEMPERATURE (°C) 

Safe Area Curves are indicated by Figure 2. All limits are applicable and must be observed. 



1.3 
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MJ6700 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
dC = 50 mAdc, l B = 0) 

v CEO(sus) 

60 

- 

Vdc 

Collector Cutoff Current 
(V C E = 55 Vdc, l B = 0) 

'CEO 

- 

100 

MAdc 

Collector Cutoff Current 

( V C E = 55 Vdc, V BE<off ) = 1.5 Vdc) 

*CEX 

- 

10 

/uAdc 

(V CE = 55 Vdc, V BE(of f) = 1.5 Vdc, T C = 150°C) 


- 

1.0 

mAdc 

Collector Cutoff Current 
(Vcb = 60Vdc,lE = 0) 

'CBO 

- 

10 

MAdc 

Emitter Cutoff Current 
( V EB = 5.0 Vdc, l C = 0) 

'ebo 

_ 

100 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 500 mAdc, V CE = 2.0 Vdc) 

(l C = 2.0 Adc, V C E = 2.0 Vdc) 

(l C = 5.0 Adc, V C E = 2.0 Vdc) 

hpE 

25 

25 

15 

180 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 



0.7 


(l C = 7.0 Adc, l B = 0.7 Adc) 


- 

1.2 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 


- 

1.2 


(l C = 7.0 Adc, l B = 0.7 Adc) 


- 

2.0 



DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(l C = 500 mAdc, V C £ = 10 Vdc, f = 10 MHz) 

*T 

30 

_ 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

_ 

300 

PF 

Input Capacitance 

(V BE = 2.0 Vdc, l C = 0, f = 100 kHz) 

c ib 

- 

1250 

■ 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

(Vce = 40 Vdc, V BE ( 0 ff) = 4.0 Vdc, 
lC = 2.0 Adc, 1 b 1 = 200 mAdc) 

*d 

- 

100 

ns 

Rise Time 

tr 

- 

100 

ns 

Storage Time 

(V C C = 40 Vdc, l C = 2.0 Adc, 

1 b 1 = 1 b 2 = 200 mAdc) 

ts 

- 

1.0 

MS 

Fall Time 

tf 

- 

150 

ns 


I 1 * Pulse Test: Pulse Width = 300 jus. Duty Cycle = 2.0% 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 3 - SWITCHING TIME TEST CIRCUIT 


The Safe Operating Area Curves 
indicate lc — V ce b&low 

which the device will not enter 
secondary breakdown. Collec- 
tor load lines for specific circuits 
must fall within the applicable 
Safe Area to avoid causing a 
catastrophic failure. To insure 
operation below the maximum 
Tj, power-temperature derating 
must be observed for both steady 
state and pulse power conditions. 

1 0 2 0 3.0 5.0 7 0 10 20 30 50 70 100 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



INPUT PULSE 



1-474 










(M) MOTOROLA 


MJ8100 


MEDIUM-POWER PNP SILICON TRANSISTORS 

. . . designed for switching and wide band amplifier applications. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 1-2 Vdc (Max) @ |q = 5.0 Amp 

• DC Current Gain Specified to 5 Amperes 

• Excellent Safe Operating Area 

• Packaged in the Compact TO-39 Case for Critical Space-Limited 

Applications. 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V C B 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

Base Current 

'b 

1.0 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pq 

10 

Watts 

Derate above 25°C 


57.2 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

17.5 

°C/W 



5 AMPERE 

POWER TRANSISTORS 

PNP SILICON 

60 VOLTS 
10 WATTS 



T 

-P c 





JUI I 

v f\ 

r 


~t rt 

^ F | K 

i 

SEATING 
PLANE " 

-J 

! 

A 

D STYLE 1 



PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8 89 

9.40 

0 350 

0.370 

B 

8.00 

8 51 

0.315 

0.335 

C 

6.10 

6.60 

0.240 

0 260 

D 

0.406 

0.533 

0016 

0.021 

E 

0.229 

3.18 

0.009 

0.125 

F 

0.406 

0.483 

0016 

0.019 

G 

4.83 

5.33 

0.190 

0.210 

H 

0.711 

0.864 

0 028 

0.034 

J 

0.737 

1.02 

0.029 

0.040 

K 

12.70 

! 

~ . ... | 

0.500 

- 

L 

6.35 i 


0.250 

- 

M 

45° N0M 

45° NOM 

P 

| 1.27 


0.050 

Q 

90° N0M 

90° NOM 

R 

2.54 | ~ 

0.100 

[1_ 


All JEDEC dimensions and notesapply. 
CASE 79-02 
TO-39 
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COLLECTOR CURRENT (AMPS) 


MJ8100 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage ^ 

(! C = 50 mAdc, l B = 0) 

v CEO(sus) 

60 

- 

Vdc 

Collector Cutoff Current 
(V CE = 55 Vdc, l B = 0) 

•CEO 

- 

100 

/uAdo 

Collector Cutoff Current 

(V CE = 55 Vdc, V BE(off , = 1.5 Vdc) 

>CEX 

- 

10 

MAdc 

(V CE = 55 Vdc, V BE(off ) = 1.5 Vdc, T C = 150°C) 



1.0 

mAdc 

Collector Cutoff Current 
(V CB = 60V,I E = 0), 

'CBO 

- 

10 

MAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 

'EBO 

- 

100 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 500 mAdc, V C E = 2.0 Vdc) 

(l C = 2.0 Adc, V CE = 2.0 Vdc) 

<I C = 5.0 Adc, V C E = 2.0 Vdc) 

h FE 

25 

25 

15 

180 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 


- 

0.7 


(l C = 5.0 Adc, l B = 0.5 Adc) 


- 

1.2 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 2.0 Adc, l B = 0.2 Adc) 


- 

1.2 


(l C = 5.0 Adc, l B = 0.5 Adc) 


- 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 0.5 Adc, V C E = 10 Vdc, f = 10 MHz) 

*T 

30 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

300 

PF 

Input Capacitance 

(V BE = 2.0 Vdc, 1 C = 0, f = 1Q 0 kHz) 

Cib 

- 

1250 

pF 


SWITCHING CHARACTERISTICS 


Delay Time 

( Vcc - 40 Vdc, V BE ( Q ff) = 44.0 Vdc, 
l C = 2.0 Adc, I B1 = 0.2 Adc) 

td 

- 

100 

ns 

Rise Time 

t r 

- 

100 

ns 

Storage Time 

(V C c = 40 Vdc, lc = 2.0 Adc, 

I B1 =l B2 =0.2Adc) 

ts 

- 

1.0 

MS 

Fall Time 

tf 

- 

150 

ns 


W Pulse Test: Pulse Width ^ 300 /us. Duty Cycle ^ 2 . 0 % 


FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA FIGURE 3 - SWITCHING TIME TEST CIRCUIT 


The Safe Operating Area Curves 
indicate lc~~VcE be,ow 

which the device will not enter 
secondary breakdown. Collec- 
tor load lines for specific circuits 
must fall within the applicable 
Safe Area to avoid causing a 
catastrophic failure. To insure 
operation below the maximum 
Tj, power-temperature derating 
must be observed for both steady 
state and pulse power conditions. 

1.0 2.0 3.0 5.0 10 20 30 50 100 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



INPUT PULSE 



1-476 












MOTOROLA 


MJ8500 

MJ8501 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ8500 and MJ8501 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

300 ns Inductive Fall Time — 25°C (Typ) 

500 ns Inductive Crossover Time — 25°C (Typ) 

900 ns Inductive Storage Time — 25°C (Typ) 

Operating Temperature Range —65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


2.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
1 25 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers' Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 


Rating 

Symbol 

MJ8500 

MJ8501 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

700 

800 

Vdc 

Collector-Emitter Voltage 

V CEV 

1200 

1400 

Vdc 

Emitter Base Voltage 

V EB 

8.0 

8.0 

Vdc 

Collector Current — Continuous 

<c 

2.5 

2.5 

Adc 

Peak (1 ) 

*CM 

5.0 

5.0 


Base Current — Continuous 

>B 

2.0 

2.0 

Adc 

Peak (1) 

•rm 

4.0 

4.0 


Total Power Dissipation @ Tq = 25°C 

P D 

125 

125 

Watts 

@ T C = 100°C 


71 

71 


Derate above 25°C 


0.71 

0.71 

W/°C 

Operating and Storage Junction 

Tj.T S ,g 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R0JC 

1.4 

o 

o 

Maximum Lead Temperature for Soldering 

Purposes: 1/8" from Case for 5 Seconds 

t l 

275 

°c 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 
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MJ8500, MJ8501 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic j Symbol | Min j Typ { Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJ8500 

(l c = 100 rnA, l B =0) MJ8501 

v CEO(sus) 

700 

800 

_ 

- 

Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, V BE ( 0 ff) = 1 .5 Vdc) 

(V C EV = Rated Value, V B E(off) = 15 Vdc, T C = 150°C) 

>CEV 

- 

- 

0.25 

50 

mAdc 

Collector Cutoff Current 

(V C e = Rated V CEV , RbE = 50 Tq = 100°C) 

'CER 

~ 


5.0 

mAdc 

Emitter Cutoff Current 
(V £B = 7.0 Vdc, l c = 0) 

'EBO 


- 

1 .0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

*S/b 

See Figure 1 2 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1) 


DC Current Gain 

<l c = 0.5 Adc, V CE = 5.0 Vdc) 

h FE 

7.5 

- 

- 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 1.0 Adc, l B = 0.33 Adc) 


_ 

_ 

2.0 


(l c = 2.5 Adc, l B = 1.0 Adc) 


_ 

_ 

5.0 


(l c = 1.0 Adc, l B = 0.33 Adc, T c = 100°C) 


- 

- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 1.0 Adc, l B = 0.33 Adc) 


- 

- 

1.5 


(l c = 1.0 Adc, l B = 0.33 Adc, TC = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

50 

- 

250 

PF 

(V CB = 10 Vdc, l E = 0, f tes t = 1-0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(V CC = 500 Vdc, l c = 1.0 A, 

l B -| = 0.33 A, V BE ( 0 ff) = 5.0 Vdc, t p = 50 ms, 

Duty Cycle < 2.0%) 

td 

- 

0.045 

0.20 

MS 

Rise Time 

t r 

- 

0.2 

2.0 

MS 

Storage Time 

ts 

- 

1.0 

4.0 

MS 

Fall Time 

tf 

- 

0.5 

2.0 

MS 

Inductive Load, Clamped (Table 1 ) | 

Storage Time 

(l c = 1.0 A(pk), V c|amp = 500 Vdc, I B1 = 0.33 A, 
VBE(off) = 5Vdc,T C = 100°C) 

t S V 

- 

1.3 

4.0 

MS 

Crossover Time 

x c 

- 

0.6 

2.0 

MS 

Storage Time 

(l c = 1.0 A(pk), V c|amp = 500 Vdc, l B i - 0.33 A, 
VBE(off) = 5 Vdc, T C = 25°C) 

fsv 

- 

0.9 

- 

MS 

Crossover Time 

l c 

- 

0.5 

- 

MS 

Fall Time 

tfi 

- 

0.3 

- 

MS 


(1 ) Pulse Test: PW - 300 ms, Duty Cycle < 2%. 
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i B 2 (pk)> BASE CURRENT (AMPS) 


MJ8500, MJ8501 


SWITCHING TIMES NOTE 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 8 - PEAK REVERSE BASE CURRENT 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I B1 to 10% Vq£ ( p |<) 
t rv = Voltage Rise Time, 10-90% Vq£ 
tfj = Current Fall Time, 90-10% lc 
tti = Current Tail, 10 — 2% lc 
t c = Crossover Time, 10% Vqe (pk) to 10% Iq 
A n enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power iosses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 v CC'c (t c) f 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN - ON SWITCHING TIMES 


FIGURE 10 - TURN - OFF SWITCHING TIMES 




0.15 0.2 0.3 0.5 0.7 1.0 2.0 3.0 

l C , COLLECTOR CURRENT (AMPS) 
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r(t), TRANSIENT THERMAL RESPONSE 
(NORMALIZED) 


MJ8500, MJ8501 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


5 1 s R 2 Q 2 

5 W f : 


All Diodes - 1N4934 430 i 

All NPN - MJE200 
All PNP - MJE2 1 0 

Adjust R1 to obtain lg-| 

For switching and RBgOA' ^2 = ® 


Adjust to 
) obtain 


v BE(off) “ -5 0 V 


^clamp 500 V 


Pulse Width = 50 Ms 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 




Test Equipm 
Scope — Tektr 
475 or Equiva 



FIGURE 11 - THERMAL RESPONSE 


' RflJcM = rtt) R#jc 
R^JC= 1.4°C/WMax. 

T J(pk) - T C = P( p k) R0JCW 







I C (pk) , PEAK COLLECTOR CURRENT (AMPS) 


MJ8500, MJ8501 


SAFE OPERATING AREA INFORMATION 


FIGURE 12 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



8.0 10 20 40 60 80100 200 400 600 800 

Vc E . COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor average junction temperature and second 
breakdown. Safe operating area curves indicate IC~VCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C, Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 



0 40 80 120 160 200 

Tc. CASE TEMPERATURE (°C) 
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MJ8502 

MJ8503 


MOTOROLA 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ8502 and MJ8503 transistors are designed for high-voltage, 
high-speed, power switching in inductive circuits where fall time is 
critical. They are particularly suited for line operated switchmode 
applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

150 ns Inductive Fall Time— 25°C (Typ) 

400 ns Inductive Crossover Time— 25°C (Typ) 

1200 ns Inductive Storage Time— 25°C (Typ) 

Operating Temperature Range —65 to + 200°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
1 50 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designers' Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate “worst case" 
design 



Rating 

Symbol 

MJ8502 

MJ8503 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

700 

800 

Vdc 

Collector-Emitter Voltage 

V CEV 

1200 

1400 

Vdc 

Emitter Base Voltage 

< 

m 

DP 

8.0 

8.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

5.0 

Adc 

Peak (1) 

•cm 

10 

10 


Base Current — Continuous 

•b 

4.0 

4.0 

Adc 

Peak (1) 

•bm 

8.0 

8.0 


Total Power Dissipation @ Tq = 25°C 

P D 

150 

150 

Watts 

@T C = 100°C 


86 

86 


Derate above 25°C 


0.85 

0.85 

W/°C 

Operating and Storage Junction 

T J- T stg 

—65 to +200 

°C 

Temperature Range 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.16 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes: 1/8“ from Case for 5 Seconds 

T L 

275 

°C 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


tZJ 





2 m IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0 

| » | ♦ 13(0 005)© | T |v© 1 

FOR LEAPS 

[ + | 1 13 (0.005) ® T | V© | Q©| 


STYLE 1 
PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 


CASE 1-05 TO-3 
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MJ8502, MJ8503 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol { Min | Typ | Max \ Unit j 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJ8502 

(l C “ 100 mA. I B =0) MJ8503 

v CEO(sus) 

700 

800 

- 

- 

Vdc 

Collector Cutoff Current 

(VcEV = Rated Value, V BE ( 0 ff) = 1 .5 Vdc) 

( V CE v = Rated Value, V BE ( off ) = 1 .5 Vdc, T c = 150°C) 

'CEV 


- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(V CE = Rated V CEV , R B E = 50 fl, T c = 100°C) 

>CER 

~ 

~ 

5.0 i 

i 

mAdc 

Emitter Cutoff Current 
(V EB = 7.0 Vdc, l c = 0) 

>EBO 

~ 

~~ 

1.0 1 

1 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

‘S/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 


ON CHARACTERISTICS (1) 


DC Current Gain 

(1C = 1.0 Adc, V CE = 5.0 Vdc) 

h FE 

7.5 

- 

- 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 2.5 Adc, l B = 1.0 Adc) 


- 

- 

2.0 


Oc = 5.0 Adc, l B = 2.0 Adc) 


- 

- 

5.0 


(l C - 2.5 Adc, l B = 1.0 Adc, T C = 100°C) 


. — 

- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 2.5 Adc, l B = 1.0 Adc) 


_ 

_ 

1.5 


(1C - 2.5 Adc, l B = 1.0 Adc, Tc = 100°C) 


| 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

60 

- 

300 

pF 

(V C b = 10 Vdc, l E = 0, f test = 1 .0 kHz) 







SWITCHING CHARACTERISTICS 


| Resistive Load (Table 1) | 

Delay Time 

(Vcc = 500 Vdc, IC = 2.5A, 

lB1 = 1.0 A, V BE ( 0 ff) = 5.0 Vdc, t p = 50 ps. 

Duty Cycle < 2.0%) 

td 

- 

0.040 

0.20 

us 

Rise Time 

t r 

- 

0.125 

2.0 

MS 

Storage T ime 

Is 

- 

1.2 

4.0 

MS 

Fall Time 

tf 

- 

0.65 

2.0 

MS 

Inductive Load, Clamped (Table 1) [ 

Storage Time 

(l C - 2.5 A(pk), V c | amp = 500 Vdc, I B1 = 1 .0 A, 
v BE(off) = 5 Vdc, TC = 100°C) 

tsv 

- 

1.6 

5.0 

MS 

Crossover T ime 

tc 

- 

0.60 

2.0 

MS 

Storage Time 

(l C = 2.5 A(pk), V c | amp = 500 Vdc, I B1 = 1.0 A, 
VBE(off) = 5 Vdc,T c = 25°C) 

tsv 

- 

1.2 


MS 

Crossover Time 

tc 

- 

0.4 

- 

MS. 

Fall Time 

tf. 

- 

0.15 

- 

MS 


(1 ) Pulse Test: PW • 300 jus. Duty Cycle < 2%. 
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I C , COLLECTOR CURRENT (jjA) 


MJ8502, MJ8503 



0.1 0.3 0.7 1.0 3.0 7.0 10 30 70 100 300 700 1000 

Vr, REVERSE VOLTAGE (VOLTS) 





tf time (jus) 'B2(pk), BASE CURRENT (AMPS) 


MJ8502, MJ8503 


SWITCHING TIMES NOTE 



TIME 



VaE(off). BASE EMITTER VOLTAGE (VOLTS) 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% Ibi to 10% VcE(pk) 
t rv = Voltage Rise Time, 10-90% VcE(pk) 
tfj = Current Fall Time, 90 — 10% lc 
ttj = Current Tail, 10 — 2% Iq 
t c = Crossover Time, 10% VcE(pk) to 10% lc 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 v CC'C (t c )f 

In general, t rv + tf, — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 9 - TURN-ON SWITCHING TIMES FIGURE 10 — TURN-OFF SWITCHING TIMES 







r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJ8502, MJ8503 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 



PW Varied to Attain 
l c = 100 mA 



TURN ON TIME 



Igl adjusted to 
obtain the forced 
h p £ desired 


TURN OF P TIME 
Use inductive switching 
driver as the input to 
the resistive test circuit. 


5 < 
o> 


l-co.l = 80 mH 

R co .l = 0.7fl 


L coil = 180 pH 
^coil = o 05 n 
v cc = 20 V 


V CC = 500 V 


Vclamp = 500 V 


R L = 200 SI 


Pulse Width = 50 Ms 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


MR816 

I N 49 34 

* 


44- 


TO 



1 1 Adjusted to 
Obtain lc 


L coil *'C pk * 

11 Vcc 
L co.l<'c pk > 
t2 * ' v clamp 

Test Equipment 
Scope — Tektronix 
475 or Equivalent 




0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 20 50 100 200 500 1.0 k 2.0 k 

t, TIME (ms) 
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MJ8502, MJ8503 


SAFE OPERATING AREA INFORMATION 


FIGURE 12 - MAXIMUM FORWARD BIAS SAFE OPERATING 



OQlJJJ I I I I 1,-1 J 1IJ I 1 1 1 1 J. U 

8.0 10 20 40 60 80100 200 400 600 800 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic^^CE 
limits of the transistor that must be observed for reliable 
operation, t.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 



0 40 80 120 160 200 

T C . CASE TEMPERATURE <°C) 
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MOTOROLA 


MJ8504 

MJ8505 


Designers Data Street 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ8504 and MJ8505 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast T urn-Off Times 

75 ns Inductive Fall Time -25°C (typ) 

150 ns Inductive Crossover Time — 25°C (typ) 

1.25 ms Inductive Storage Time -25°C (typ) 

Operating Temperature Range —65 to + 200°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
1 75 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



Rating 

Symbol 

MJ8504 

MJ8505 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

700 

800 

Vdc 

Collector-Emitter Voltage 

V CEV 

1200 

1400 

Vdc 

Emitter Base Voltage 

CD 

LU 

> 

8.0 

8.0 

Vdc 

Collector Current — Continuous 

•c 

10 

10 


Adc 

Peak (1) 

•cm 

15 

15 



Base Current — Continuous 

•b 

8 

8 


Adc 

Peak (1 ) 

*BM 

12 

12 



Total Power Dissipation @ Tq = 25°C 

P D 

175 

175 


Watts 

@T C = 100°C 


100 

100 



Derate above 25°C 


1.0 

1.0 


W/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +200 


°C 

Temperature Range 






THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 

Maximum Lead Temperature for Soldering 

T L 

275 


°c 

Purposes: 1/8'' from Case for 5 Seconds 





(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 1 



2 m IS SEATING PLANE AND DATUM 
3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

| + | 0 13(0005)© 1 T ]v®l 

FOR LEADS 

I ♦ I » 13 (0 005) <5> T 1 V® I g©| 


STYLE 1 
PIN 1 BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39 37 

_ 

1.550 

B 

- 

2108 

- 

0 830 

C 

6 35 

7.62 

0 250 

0.300 

0 

0 97 

1.09 

0.038 

0 043 

E 


3 43 


0135 

T 1 

301 

BSC 

1.187 BSC 

G 

10 92 BSC 

0.430 BSC 

H 

54 

BSC 

0 215 BSC 

J 

16 89 BSC 

0 665 BSC 

K 

11 18 

12 19 

0.440 

0 480 

Q 

381 

4.19 

0 150 

0165 

R 


26 67 


1.050 

U 

4.83 

5 33 

0.190 

0210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 TO-3 
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MJ8504, MJ8505 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic j Symbol | Min | Typ | Max | Unit ] 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJ8504 

(l C = 100 mA, l B =0) MJ8505 

v CEO(sus) 

700 

800 

- 

- 

Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, VgEloff) = 1 -5 Vdc) 

(V C EV = Rated Value, V BE ( off ) = 1.5 Vdc, Tc = 150°C) 

'CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(V CE = Rated V CEV , RbE = 50 ft, T c = 100°C) 

*CER 


~ 

5.0 

mAdc 

Emitter Cutoff Current 
(V £B = 7.0 Vdc, l c = 0) 

>EBO 



1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

*S/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 1.5 Adc, V CE = 5.0 Vdc) 

h F E 

7.5 


- 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lC = 5.0 Adc, l B = 2.0 Adc) 


- 

- 

2.0 


(l C = 10 Adc, l B =4.0 Adc) 


_ 

- 

5.0 


(l C = 5.0 Adc, l B = 2.0 Adc, Tq = 100°C) 


i 

- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 5.0 Adc, l B = 2.0 Adc) 


- 

- 

1.5 


(l C = 5.0 Adc, l B = 2.0 Adc, T C = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

90 

- 

450 

pF 

(V CB = 10 Vdc, l E = 0, f tes t = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(V cc = 500 Vdc, lc = 5.0 A, 

I B 1 = 2.0 A, V be (of f ) = 5.0 Vdc, t p = 50 ms. 

Duty Cycle < 2.0%) 

td 

- 

0.050 

0.20 

MS 

Rise T ime 

t r 

- 

0.175 

2.0 

JUS 

Storage T ime 

ts 

- 

1.25 

4.0 

JUS 

Fall Time 

tf 

- 

0.60 

2.0 

MS 

Inductive Load, Clamped (Table 1 ) j 

Storage Time 

(l C = 5.0 A(pk), V damp = 500 Vdc, l B i = 2.0 A, 
V B E(off) = 5Vdc. T C = 100°C 

r sv 

- 

1.75 

5.5 

JUS 

Crossover T ime 

l c 

- 

0.400 

2.0 

JUS 

Storage T ime 

<‘ C “ 5.0 A(pk), V c|amp - 500 Vdc, I B1 =2.0 A, 
v BE(off) = 5 Vdc, Tc = 25°C) 

fsv 

- 

1.25 

- 

MS 

Crossover T ime 

tc 

- 

0.150 

- 

MS 

Fall Time 

tfi 

- 

0.075 

- 

MS 


(1 ) Pulse Test: PW - 300 ms, Duty Cycle < 2%. 
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MJ8504, MJ8505 



0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 
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IB, BASE CURRENT (AMPS) 
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lC, COLLECTOR CURRENT (AMPS) 
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lC, COLLECTOR CURRENT (AMPS) 
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V BE , BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE 
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MJ8504, MJ8505 


SWITCHING TIMES NOTE 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 



Q 2.0 4.0 6.0 8.0 10 

VbE (off), BASE EMITTER VOLTAGE (VOLTS) 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I b 1 to 10% VcE(pk) 
t rv = Voltage Rise Time, 10-90% VcE(pk) 
tfj = Current Fall Time, 90 — 10% lc 
ttj = Current Tail, 10—2% lc 
t c = Crossover Time, 10% VQE(pk) to 10% lc 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222A: 

P SWT = 1/2 VCC'C^C^ 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE'' transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 



lc, COLLECTOR CURRENT (AMPS) 


FIGURE 10 - TURN-OFF SWITCHING TIMES 
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r(t) TRANSIENT THERMAL RESPONSE 


MJ8504, MJ8505 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


VCEO(sus) 


CO 

z 

HO 

zo 
~ z 
o 
o 



o-TL 



PW Varied to Attain 
Iq = 100 mA 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 



TURN ON TIME 



Ig 1 adjusted to 
obtain the forced 
hp g desired 


TURN OFF TIME 
Use inductive switching 
driver as the input to 
the resistive test circuit 



80 mH V cc = 10 V 
0 7 n 


INDUCTIVE TEST CIRCUIT 


Leo,, = 180 pH 

R coil = o 05 n 
v cc = 20 V 


OUTPUT WAVEFORMS 


Vclamp = 500 V 


V C c ■ 500 V 
R l = 100 f2 


Pulse Width = 50 jus 


RESISTIVE TEST CIRCUIT 


. 1 \ 

w r;i 

IN4934 ^ v clamp V CC -= ■ 



t-) Adjusted to 
Obtain lc 

*-coil (l C Dk * 

t-. » — 

1 v cc 

^ . >o„<'C pk > 

Test Equipment 
Scope - Tektronix 
475 or Equivalent 



FIGURE 11 - THERMAL RESPONSE 
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lC(pk), PEAK COLLECTOR CURRENT (AMPS) p | C> COLLECTOR CURRENT (AMPS) 


MJ8504, MJ8505 


SAFE OPERATING AREA INFORMATION 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq— VqE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq> 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



VCE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 



0 40 80 120 160 200 

Tq, CASE TEMPERATURE (°C) 
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MOTOROLA 


MJ 10000 
MJ 10001 


Designer’s Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJ10000 and MJ10001 darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line 
operated switch-mode applications such as: 


• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 


100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times With Inductive Loads — 
210 ns Inductive Fall Time (Typ) 
Saturation Voltages 
Leakage Currents 



20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit curves — representing bound- 
aries on device characteristics — are given to 
facilitate "worst case" design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10000 

MJ10001 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

v CEX(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

450 

500 

Vdc 

Emitter Base Voltage 

< 

m 

CD 

8 

Vdc 

Collector Current — Continuous 

>c 


20 


Adc 

-Peak (1) 

'cm 


30 



Base Current — Continuous 

•b 


2.5 


Adc 

— Peak (1) 

• bm 



5 



Total Power Dissipation @ T^ = 25°C 

Pd 


175 


Watts 

@T C = 100°C 




100 



Derate above 25°C 







W/°C 

Operating and Storage Junction 

T J' T sta 

-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 

°C/W 

Maximum Lead Temperature for Soldering 


Tl 

275 


°c 

Purposes: 1/8" from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 



. c~~r 


*7 



PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 


- 

39 37 

- 

1.550 


- 

2108 

- 

0.830 


6.35 

7 62 

0.250 

0 300 

nr 1 

0.97 

1.09 

0.038 

0 043 

-n 

1.40 

1 78 

0.055 

0 070 

F 

301 

BSC 

1.18 

BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0 21 

BSC 

J 

16 89 BSC 

0.66 

BSC 

K 

11.18 

12 19 

0 440 

0 480 

Q 

381 

4.19 

0150 

0.165 

R 


26.67 


1 050 

U 

4~83 

5.33 

0.190 

0210 

V 

3 81 

4.19 

0.150 

0.165 


CASE 1-05 
TO-204AA 
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MJ 10000, MJ10001 


ELECTRICAL CHARACTERISTICS (Tp - 25°C unless otherwise noted). ' . 

I Characteristic 1 Symbol 1 Min 1 Typ | Max | Unit' 


OFF CHARACTERISTICS (2) 


Collector-Emitter Sustaining Voltage (Table 1) 

<I C - 250 mA, l B = 0, V damp = Rated V CEO ) MJ10000 

MJ10001 

v CEO(sus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1 , Figure 12) 

v CEX(sus) 




Vdc 

l C " 2 A, V damp = Rated V CEX , T c = 1 00°C MJ1 0000 


400 

- 

- 


MJ10001 


450 

- 

- 


l C = 10 A, V damp = Rated V CEX , T c = 100°C MJ10000 


275 

- 

- 


MJ10001 


325 

— 

— 


Collector Cutoff Current 

>CEV 




mAdc 

(VcEV = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 


- 

- 

0.25 


(Vp FV = Rated Value, VR F ( off ) = 1.5 Vdc, Tp = 150°C) 


- 

- 

5 


Collector Cutoff Current 

*CER 

- 

- 

5 

mAdc 

(Vp F = Rated Vp EV , Rrf = 50 n, Tp - 100°C) 






Emitter Cutoff Current 

<EBO 

- 

- 

150 

mAdc 

(V EB =8Vdc, lp=0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

<S/b 

See Figure 1 1 

Adc 


ON CHARACTERISTICS (2) 


DC Current Gain 

(l c = 5 Adc, V CE = 5 Vdc) 

<•0 = 10 Adc, Vp F = 5 Vdc) 

h F E 

50 

40 

■ 

600 

400 

~ 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(1C = 10 Adc, l B = 400 mAdc) 


- 

- 

1.9 


(l c = 20 Adc, l B = 1 Adc) 


- 

- 

3 


(lr. = 10 Adc, Ir = 400 mAdc, Tp. = 100°C) 


- 

- 

2 


Base-Emitter Saturation Voltage 

v BE (sat) 


■ 


Vdc 

(1 C = 10 Adc, l B = 400 mAdc) 


- 


2.5 


(Ip = 10 Adc, Ir = 400 mAdc, Tp = 100°C) 


- 

WBm 

2.5 


Diode Forward Voltage (1) 

Vf 

_ 

3 

5 

Vdc 

(l E = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(Ip = 1.0 Adc, Vpp = 10 Vdc, W = 1 MHz) 

lhf e | 

10 


- 

- 

Output Capacitance 

(Vp B = 10 Vdc, l E = 0, ftest = 100 kHz) 

c ob 



325 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) 1 

Delay Time 

(V CC = 250 Vdc, lp = 10 A, 


mm 



Bfl 

Rise Time 

I B 1 = 400 mA, V BE ( 0 ff) = 5 Vdc, t p = 50 MS, 





■ 

Storage Time 

Duty Cycle < 2%). 

■ 

B B 


fl B 


Fall Time 


H H 

B 


BBHB 

B 

Inductive Load. 

Clamped (Table 1) 






Storage Time 

(Ip = 10 A(pk), V clamp = Rated V CEX , l B1 = 400 mA, 

Isv 

- 

3.5 

5.5 

MS 

Crossover Time 

v BE(off) = 5Vdc,T C = 100°C) 

k 

- 

1.5 

3.7 

MS 

Storage Time 

(Ip = 10 A(pk), V c | amp = Rated Vp EX , l B i = 400 mA, 

n 

_ 

1.0 


MS 

Crossover Time 

V BE(off) = 5 Vdc, Tp = 25°C) 

mm 

- 

0.7 

- 

til 


(1) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 


1-496 




























MJ10000, MJ10001 



SWITCHING TIMES NOTE 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% Igi to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time, 90—10% Iq 
tti = Current Tail, 10—2% Iq 
t c = Crossover Time, 10% V c | amp to 10% Iq 
A n enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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r(t), TRANSIENT THERMAL RESISTANCE t, TIME (ms) 

(NORMALIZED) p pop 


MJ 10000, MJ 10001 


SWITCHING TIMES NOTE (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = 1/2 VcC^C^c) f 

In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 


-VBE(off) = 5V — 
Vcc = 250 V 

I C/'B = 25 

Tj = 25°C~ 


IIM 


FIGURE 9 - TURN-OFF TIME 




B 


1C, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 - THERMAL RESPONSE 




IEBI 




2 5 

t, TIME (ms) 


JLTL 


DUTY CYCLE, D = tj/t2 


READ TIME AT ti 


Tj(pk) ~ Tc = P<pk) Z^JC(t) 


50 100 200 


[STS] 











MJ 10000, MJ10001 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vqex(sus) at a 9> ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 



0 40 80 120 160 200 

Tc, CASE TEMPERATURE (°C) 
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MOTOROLA 


I K'sifiiu'rs Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJ10002 and MJ 10003 darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line 
operated switch-mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads - 
140 ns Inductive Fall Time (Typ) 

Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 

Rating 




HQ 



350 

400 

mm 

Collector-Emitter Voltage 

v CEX(sus) 


450 

KE 

Collector-Emitter Voltage 

1 

450 

500 

Vdc 

Emitter Base Voltage 

< 

171 

CD 

8.0 

Vdc 

Collector Current — Continuous 

'C 

10 

BE 

— Peak (1 ) 

•cm 

20 

■ 

Base Current — Continuous 

•b 

2.5 

■ 

-Peak (1) 

• bm 

5.0 

■ 

Total Power Dissipation @ Tq = 25°C 

Pd 

150 


@ T c = 100°C 


100 


Derate above 25°C 


0.86 

MM 

Operating and Storage Junction 

TjTstg 

-65 to +200 


Temperature Range 




■ 


THERMAL CHARACTERISTICS 


Characteristic 


Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

tl 

275 

°C 

(1) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle < 10%. 
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MJ 10002 
MJ10003 


I 


10 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
150 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




1. DIMENSIONS Q AND V ARE DATUMS. 

2. m IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0. 

| 4 1 jl3 (0.005) © 1 T |V0] 

FOR LEADS: 

| + | H3(0.005)©T | V©| g©| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 


1.550 

B 

- 

21.08 


0.830 

C 

6.35 

7.62 

0 250 

0.300 

0 

0.97 

1.09 

0.038 

0.043 

_1_J 

1.40 

1./8 

0.055 

0.070 


30.1 

BSC 

1.18 

BSC 

G 

10.92 BSC 

0.43 

! BSC 

H 

5.46 BSC 

0.21 

BSC 

J 

16.89 BSC 

0.66 

BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 


26.67 


1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 105 
TO-204AA 


1.3 














MJ10002, MJ10003 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted). • i 

| Characteristic [ Symbol | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS (2) 


Collector-Emitter Sustaining Voltage (Table 1) 

(I C = 250 mA, l B = 0, V damp = Rated V CE0 ) MJ10002 

MJ10003 

v CEO(sus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1, Figure 12) 

v CEX(sus) 




Vdc 

(l C = 1.0 A, V damp = Rated V CEX , T c = 100°C) MJ10002 


400 

- 

- 


MJ 10003 


450 

- 

— 


(l c = 5.0 A, V ctamp = Rated V CEX , T c = 100°C) MJ10002 


275 

- 

- 


MJ10003 


325 

- 

- 


Collector Cutoff Current 

>CEV 




mAdc 

(Vcev = Rated Value, V g E ( 0 f f ) = 1.5 Vdc) 


- 

- 

0.25 


(Vcev = Rated Value, V BE ( 0 ff) = 1.5 Vdc, Tc = 150°C) 


- 

- 

5.0 


Collector Cutoff Current 

>CER 

- 

- 

5.0 

mAdc 

(V CE = Rated V CEV , RbE = 50 T C = 100°C) 






Emitter Cutoff Current 

>EBO 

- 

- 

175 

mAdc 

(V EB = 8.0 Vdc, I C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 1 

Adc 


ON CHARACTERISTICS (2) 


DC Current Gain 

(l c = 2.5 Adc, Vq E = 5.0 Vdc) 

(l c = 5.0 Adc, VcE = 5.0 Vdc) 

h FE 

40 

30 

- 

500 

300 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 5.0 Adc, 1 B = 250 mAdc) 


- 

- 

1.9 


(IC* 10 Adc, 1 B = 1-0 Adc) 


- 

- 

2.9 


(l C = 5.0 Adc, l B = 250 mAdc, T c = 100°C) 


- 

- 

2.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 5.0 Adc, l B = 250 mAdc) 


- 

- 

2.5 


(l C = 5.0 Adc, l B = 250 mAdc, T c = 100°C) 


- 

- 

2.5 


Diode Forward Voltage (1) 

Vf 

- 

3.0 

5.0 

Vdc 

(l F =5.0 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l c = 1.0 Adc, V CE = 10Vdc,f test = 1.0 MHz) 

1 hf e 1 

10 

- 

- 

- 

Output Capacitance 

(V CB =50 Vdc, l E = 0, f test = 100 kHz) 

^ob 

60 


275 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(V CC = 250 Vdc, l c = 5.0 A, 

I B 1 = 250 mA, V BE ( 0 ff) = 5.0 Vdc, t p = 50 jus. 

Duty Cycle < 2.0%). 

td 

- 

0.05 

0.2 

JUS 

Rise Time 

tr 


0.25 

0.6 

MS 

Storage Time 

ts 


1.2 

3.0 

MS 

Fall Time 

tf 

- 

0.6 

1.5 

MS 

Inductive Load, Clamped (Table 1) | 

Storage Time 

(I C = 5.0 A(pk), V clamp = Rated V C £X' »B1 = 250 mA, 
V B E(off) " 5-0 Vdc, T C = 100°C) 

tsv 

- 

2.1 

5.0 

MS 

Crossover Time 

tc 

- 

1.3 

3.3 

MS 

Storage Time 

(IC = 5.0 A(pk), V C | amp = Rated VqeX' *B1 = 250 mA, 
V B E(off) " 5.0 Vdc, T c = 25°C) 

tsv 

- 

0.92 

_ 

MS 

Crossover Time 

tc 

- 

0.5 

- 

MS 


(1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical 

fast recovery rectifiers. 

(2) Pulse Test: Pulse Width = 300 jus, Duty Cycle < 2%. 
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MJ10002, MJ10003 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(susl 


v CEX(sus) AND INDUCTIVE SWITCHING 


RESISTIVE 

SWITCHING 



Q1 2N2907 
Q2 2N2222 
Q3 2N3762 
Q4 MJE210 
Q5 MJE200 
D 1 1N914 

D2 1N914 
D3 1N914 


'-coil * 10 mH V cc = 10 V 
Rcoil = 0.7 n 
v clamp “ v CEO(sus) 


L C o.l= 180 mH 

R co ,| = 0 05 n V clamp = Rated V CEX Value 
Vqc = 20 V 


V CC = 250 V 
R L = 50 n 
Pulse Width = 50 M 


INDUCTIVE TEST CIRCUIT 



OUTPUT WAVEFORMS 


tf Clamped 

tf Undamped » 


RESISTIVE TEST CIRCUIT 


t-| Adjusted to 
Obtain Ip 


J 

'c(pk) 

± ' 


-ti- 


v CE^ or 

t cla, Hl 


‘' (l Cpk> 




-t2-*J 


: v cc 

L coil 

Vclamp 


Test Equipment 
Scope-Tektromx 
475 or Equivalent 


i-^ cc 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% I B1 t0 V c lamp 
t rv = Voltage Rise Time, 10-90% V c | am p 
tfj = Current Fall Time, 90-10% lc 
ttj = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | am p to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10002, MJ10003 


SWITCHING TIME NOTES (continued) 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 VcdcM f 
In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 8 - TURN-ON TIME 




0.1 0.2 0 3 0.5 0.7 1 2 3 5 7 10 


1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 - THERMAL RESPONSE 
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MJ10002, MJ10003 


The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 


FIGURE 11 - ACTIVE REGION SAFE OPERATING AREA 



FIGURE 12 - REVERSE BIASED SWITCHING 
SAFE OPERATING AREA 



0 100 200 300 400 500 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: junction temperature and second break- 
down. Safe operating area curves indicate lc—VCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 1 is based on Tq = 25°C, Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vq^x( sus ) at a given 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 


FIGURE 13 - POWER DERATING 
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MOTOROLA 


MHO 004 
MJ10005 


Designers Data, Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10004 and MJ10005 dariington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper- 
ated switchmode applications such as: 

• Switching Regulators 0 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

40 ns Inductive Fall Time — 25°C (Typ) 

650 ns Inductive Storage Time — 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


44 




20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 and 400 VOLTS 
175 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device, characteristics boundaries - 
are given to facilitate “worst case" 
design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10004 

MJ10005 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

v CEX(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

450 

500 

Vdc 

Emitter Base Voltage 

V EB 

80 

Vdc 

Collector Current - Continuous 

' 

C 


20 


Adc 

- Peak (1) 

•cm 


30 



Base Current — Continuous 

' 

B 


2.5 


Adc 

— Peak (1 ) 

• bm 


5.0 



Total Power Dissipation @ Tq = 25°C 

Pd 


175 


Watts 

@ T c = 100°C 




100 



Derate above 25°C 




1.0 


W/°C 

Operating and Storage Junction 

TjTstg 

- 

65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 

Maximum Lead Temperature for Soldering 


Tl 


275 


°C 

Purposes 1/8“ from Case for 5 Seconds 







(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle < 10%. 



STYLE 1 

PIN 1 BASE 
2. EMITTER 
CASE COLLECTOR 

NOTES 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GT] IS SEATING PLANE AND DATUM 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q' 

| + | > 13 (0 005)© | T [V© 1 

FOR LEAPS 

1 + | ».13(0.005>©T 1 V©| Q©| 
4 DIMENSIONS AND TOLERANCES PER 
ANSI Y14 5, 1973 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39 37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6i35 1 

7.62 

0.250 

0.300 

D 

TIT 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0 055 

0.070 

F 

30.15 BSC 

1.18 

BSC 

G 

10.92 BSC 

0 430 BSC 

H 

5 46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.181 12 19 

0.440 

0.480 

IT 

3 81 4 19 

0 150 

0.165 

R 

26.67 

_ 

1.050 

u 

4.83 5.33 

0.190 

0.210 

V 

3.81 | 4.19 

0.150 

0.165 


CASE 1-05 
TO-204AA 
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MJ1 0004, MJ1 0005 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Typ [ Max [ Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(l c = 250 mA, l B = 0, V clamp = Rated V CEO ) MJ10004 

MJ 10005 

v CEO(sus) 

350 

400 


- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1, Figure 12) 

v CEX(sus) 




Vdc 

(1C = 2.0 A, V c | amp = Flated V CEX - T c = 100°C) MJ10004 


400 

- 

- 


MJ 10005 


450 

- 

- 


<I C = 10 A. V c(arnp = Rated V C EX< T C = 100°C) MJ 10004 


275 

~ 

- 


MJ10005 


325 


- 


Collector Cutoff Current 

'CEV 




mAdc 

(VcEV = Rated Value, V g E ( 0 f f ) = 1.5 Vdc) 


- 

- 

0.25 


(V CE V = Rated Value. V BE<off) = 1.5 Vdc, T c = 150°C) 


- 

- 

5.0 


Collector Cutoff Current 

*CER 

- 

- 

5.0 

mAdc 

(V CE = Rated V CEV , RbE = 50 T C = 100°C) 






Emitter Cutoff Current 

>ebo 

- 

- 

175 

mAdc 

(V EB = 2.0 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

See Figure 1 1 



ON CHARACTERISTICS (2) 


DC Current Gain 

(l C = 5.0 Adc, Vqe = 5.0 Vdc) 

(l c = 10 Adc, V CE = 5.0 Vdc) 

hpE 

50 

40 

- 

600 

400 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 10 Adc. I B =400 mAdc) 


- 

- 

1.9 


( 1 C = 20 Adc, l B = 2.0 Adc) 


- 

- 

3.0 


(l c = 10 Adc, l B = 400 mAdc, T c = 100°C) 


- 

- 

2.0 


Base-Emitter Saturation Voltage 

v BE (sat) 




Vdc 

(l c = 10 Adc, l B = 400 mAdc) 


- 

- 

2.5 


(l c = 10 Adc, l B = 400 mAdc, T c = 100°C) 


- 

- 

2.5 


Diode Forward Voltage (1) 

Vf 

- 

3.0 

5.0 

Vdc 

(Ip = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(Iq= 1.0 Adc, V C E = 10 Vdc,f test = 1.0 MHz) 

Ihfel 

10 

- 

- 

- 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 100 kHz) 

Cob 

100 


325 

pF 


SWITCHING CHARACTERISTICS 


1 Resistive Load (Table 1) j 

Delay Time 

Rise Time 

(Vcc = 250 Vdc, l C = 10 A, 
l B i = 400 mA, V BE ( 0 ff) = 5.0 Vdc, t p = 50 ms. 

Duty Cycle < 2%). 

l d 

- 

0.12 

0.2 

MS 

t|r 

- 

0.2 

0.6 

MS 

Storage Time 

t S 

- 

0.6 

1.5 

MS 

Fall Time 

<f 

- 

0.15 

0.5 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

(1C = 10 A(pk), V c)amp = Rated V C EX< »B1 = 400 mA - 
V B E( 0 ff) = 5.0 Vdc, T C = 100°C) 

tsv 

- 

1.0 

2.5 

MS 

Crossover Time 

fc 

- 

0.4 

1.5 

MS 

Storage Time 

(lc = 10 A(pk), V c | amp = Rated Vcex- • B1 = 400 mA . 
V B E(off ) = 5.0 Vdc, T c = 25°C) 

tsv 

- 

0.65 

- 

MS 

Crossover Time 

l c 

- 

-- 02 

z 

MS 


(1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 ms. Duty Cycle < 2%. 
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MJ10004, MJ10005 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% I b 1 to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time, 90-10% lc 
ttj = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10004, MJ10005 


TYPICAL CHARACTERISTICS 

SWITCHING TIME NOTES (continued) 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = 1/2 Vcc'C(tc) f 

In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 8 - TURN-ON TIME FIGURE 9 - TURN-OFF TIME 




FIGURE 10 - THERMAL RESPONSE 
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MJ10004, MJ10005 


The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 


FIGURE 11 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 12 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V qE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the Dower that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vq^x(sus) at 3 9> ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 


FIGURE 13 - POWER DERATING 



TC. CASE TEMPERATURE (°C) 
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(M) MOTOROLA 


Ml 10006 
MJ10007 


Designers Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10006 and MJ10007 darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper- 
ated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

30 ns Inductive Fall Time - 25°C (Typ) 

500 ns Inductive Storage Time - 25°C (Typ) ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10006 

MJ10007 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

v CEX(sus> 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

450 

500 

Vdc 

Emitter Base Voltage 

V EB 

8.0 

Vdc 

Collector Current - Continuous 

•c 



10 



Adc 

- Peak (1) 

'CM 


20 




Base Current - Continuous 

•b 



2.5 



Adc 

- Peak (1) 

•bm 


5.0 



Total Power Dissipation @ Tq = 25°C 

P D 



150 


Watts 

@ T c = 100°C 




100 



Derate above 25°C 




0.86 


W/°C 

Operating and Storage Junction 

TjTstg 

-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 

T L 

275 


3 C 

Purposes 1/8“ from Case for 5 Seconds 








(1 ) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle < 10%. 



10 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

350 AND 400 VOLTS 
150 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries - 
are given to facilitate “worst case" 
design. 



STYLE 1 
PIN 1 BASE 
2. EMITTER 
CASE COLLECTOR 


NOTES 

1. DIMENSIONS 0 AND V ARE DATUMS 

2. |j3 IS SEATING PLANE AND DATUM. 

3 POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q. 

1 » | » 13 (0.005) © 1 T 1 V<S> | 

FOR LEAPS. 

I 4- I ».13 (0.005) ©T 1 V© I g©| 

4 DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39 37 

- 

1 550 

T 1 

- 

2108 

- 

0.830 

c 

6 35 

7 62 

0.250 

0 300 

0 

0.97 

1 09 

0.038 

0.043 

E 

1.40 

1.78 

T05!T 

0.070 

~n 

30.15 BSC 

1 18 

BSC 

G 

10 92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 1 0.480 

Q 

3.81 

4 19 

0.150 0 165 

R 


26.67 

1.050 

U 

4.83 

5.33 

0.190 0.210 

V 

3.81 

4 19 

0 150 1 0.165 


CASE 1-05 
TO-204AA 
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MJ10006, MJ10007 


E LECTRICAL CHARACTER ISTICS (Tc ~ 25°C unless otherwise noted). 

Characteristic | Symbol ] Min | Typ | Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(l c = 250 mA, l B = 0, V c)amp = Rated V CE0 ) MJ10006 

MJ10007 

v CE0(sus) 

350 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1 , Figure 1 2) 

v CEX(sus) 




Vdc 

(l c = 1 A, V damp = Rated V CEX . T C = 100°C) MJ10006 


400 

- 

- 


MJ10007 


450 

- 

- 


(I C = 5 A, V damp = Rated V CEX , T c = 100°C) MJ10006 


275 

- 



MJ10007 


325 

— 

— 


Collector Cutoff Current 

'CEV 




mAdc 

(Vcev = Rated Value, V B E(off) = 1.5 Vdc) 


- 

- 

0.25 


(V C EV = R aied Value, V BE ( off ) = 1.5 Vdc, T c = 150°C) 


- 

- 

5.0 


Collector Cutoff Current 

'CER 

- 

- 

5.0 

mAdc 

(Vce = Rated Vq E v, RbE = 50 Tq = 100°C) 






Emitter Cutoff Current 

•ebo 

- 

- 

175 

mAdc 

(V EB = 2 Vdc, l c = 0> 







SECOND BREAKDOWN 


| Second Breakdown Collector Current with base forward biased ! 

<S/b 

See Figure 1 1 



ON CHARACTERISTICS (2) 


DC Current Gain 

(l c = 2.5 Adc, V CE = 5.0 Vdc) 

(IC = 5.0 Adc, V CE = 5.0 Vdc) 

hpE 

40 

30 

- 

500 

300 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lc = 5.0 Adc, l B = 250 mAdc) 


- 

- 

1.9 


(l C = 10 Adc, l B = 1.0 Adc) 


- 

- 

2.9 


(IC = 5.0 Adc, l B = 250 mAdc, T c = 100OC) 


- 

~ i 

2.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 5.0 Adc, l B = 250 mAdc) 


- 

- 

2.5 


(l c = 5.0 Adc, l B = 250 mAdc, T c = 10QOC) 


- 

- 

2.5 


Diode Forward Voltage ( 1 ) 

V f 


3.0 

5 

Vdc 

(l F = 5.0 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l c = 1-0 Adc, V C E = 10 Vdc, f test = TO MHz) 

1 hf e | 

10 

- 


- 

Output Capacitance 

(V C b = 10 Vdc, l E = 0, f t est = 100 kHz) 

Cob 

60 

— 

275 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) jj 

Delay T ime 

(V C c = 250 Vdc, l c = 5.0 A, 

I B 1 ~ 250 mA, V BE ( 0 ff) = 5.0 Vdc, t p = 50 ms 

Duty Cycle < 2.0%). 

»d 

- 

0.05 

0.2 

MS 

Rise T ime 

t r 

- 

0.25 

0.6 

MS 

Storage Time 

ts 

- 

0.5 

1.5 

MS 

Fall T ime 

tf 

- 

0.06 

0.5 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

(•C “ 5.0 A(pk), V c | amp = Rated VcEX- 1 B 1 = 250 mA, 
VBE(off) = 5-0 Vdc, T c = 100°C) 

t S V 

- 

0.8 

2.0 

MS 

Crossover Time 

lc 

- 

0.6 

1.5 

MS 

Storage Time 

(lc = 5.0 A(pk), V c | amp = Rated Vcex» *B1 = 25 0 mA, 
VBE(off) * 5.0 Vdc, T C = 2500 

tsv 

. — 

0.5 

- 

MS 

Crossover Time 

tc 

I 

0.3 

- 

MS 


<1 ) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical 
fast recovery rectifiers. 

(2) Pulse Test: PW = 300 ms. Duty Cycle < 2%. 
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MJ10006, MJ10007 


TYPICAL CHARACTERISTICS 



0.1 0.2 0.3 0.5 0.7 1 2 3 5 7 10 

1C. COLLECTOR CURRENT (AMP) 


FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 




0.1 0.2 0.3 0.5 0.7 1 2 3 5 7 10 


1C, COLLECTOR CURRENT (AMP) 



FIGURE 6 - OUTPUT CAPACITANCE 
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MJ10006, MJ10007 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% lei to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c j arnp 
tfj = Current Fall Time, 90-10% lc 
ttj = Current Tail, 10—2% Iq 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 
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MJ10006, MJ 10007 



«0JC(t) = r(t) 

R0JC(t)= 117°C/WMax ; 
D CURVES APPLY FOR POWER. 
PULSE TRAIN SHOWN 
READ TIME Alt, 

Tj(pk) "Tc = P(pk) 







MJ10006, MJ10007 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc _ VCE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be/ 
derated when Tq ^ 25°C. Second breakdown limitations} 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as VcEX(sus) at a 9' ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. 



0 40 80 120 160 200 

Tc. CASE TEMPERATURE (°C) 
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MJ10008 

MJ10009 


Designer’s Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10008 and MJ1 0009 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line oper-p 
ated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times *5100 *15 

1.6 fj.$ (max) Inductive Crossover Time — 10 A, 100°C 
3.5 £t$ (max) Inductive Storage Time — 10 A, 100°C 
Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



20 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

450 and 500 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit curves — representing bound- 
aries on device characteristics — are given to 
facilitate "worst case" design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10008 

MJ10009 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

450 

500 

Vdc 

Collector-Emitter Voltage 

v CEX(sus) 

450 

500 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

700 

Vdc 

Emitter Base Voltage 

V EB 

5 

Vdc 

Collector Current — Continuous 

•c 


20 


Adc 

- Peak (1) 

<CM 


30 



Base Current — Continuous 

1 



2.5 


Adc 

— Pea k ( 1 ) 

Ibm 



5 



Total Power Dissipation @ Tq = 25°C 

Pd 


175 


Watts 

@T C = 100°C 




100 



Derate above 25°C 





1 


W/°C 

Operating and Storage Junction 

TjTstg 

-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS j 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 

°C/W 

Maximum Lead Temperature for Soldering 




275 


°c 

Purposes: 1/8" from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 




STYLE 1 
PIN 1. BASE 
2 EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39 37 


1.550 

B 

- 

21 08 


0.830 

C 

6 35 

7.62 

0 250 

0.300 

D 

0.97 

1.09 

Tm 

0 043 

E 

1.40 

1.78 

0.055 

0 070 

F 

30 15 BSC 

1 18 

BSC 

G 

10 92 BSC 

0.43 

BSC 

H 

5 46 BSC 

021 

BSC 

J 

16 89 BSC 

0.66! 

5 BSC 

K 

11.181 12.19 

0.440 

1 0 480 

Q 

3.81 

4.19 

0.150 

0.165 

R 


26.67 


1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0 150 

1 0.165 


CASE 1-05 
TO-204AA 
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MJ10008, MJ10009 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted). 

Characteristic [ Symbol [ Min | Typ j Max J Unit 

OFF CHARACTERISTICS _ — “ 


Collector-Emitter Sustaining Voltage (Table 1) 

<IC = 100 mA, l B - 0, V c | amp = Rated Vceo^ MJ10008 

MJ10009 

v CEO(sus) 

450 

500 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Table 1, Figure 12) 

v CEX(sus) 




Vdc 

(l C = 2 A, V damp = Rated V C EX. T C = 100°C, MJ10008 


450 

_ 

- 


V B E(off) = 5V ) MJ10009 


500 

- 

- 


(l c = 10A,V c | amp = RatedV CEX ,T C = 100 o C, MJ10008 


325 

- 

- 


VBE(off) =5 V) MJ 10009 


375 

- 

- 


Collector Cutoff Current 

'CEV 




mAdc 

(VceV = Hated Value, V BE ( 0 ff) = 1.5 Vdc) 



- 

0.25 


(VcEV = Rated Value, V qe ( off) “1-5 Vdc, Tc = 150°C) 


- 

- 

5 


Collector Cutoff Current 

•CER 

- 

- 

5 

mAdc 

(V CE = Rated V CEV , RbE = 50 n, T c = 100°C) 






Emitter Cutoff Current 

>EBO 

- 

- 

175 

mAdc 

(V EB = 2 Vdc, l C = 0) 




i 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See Figure 1 1 



ON CHARACTERISTICS (2) 


DC Current Gain 

(l C = 5 Adc, Vq E = 5 Vdc) 

<»C = 10 Adc, V CE = 5 Vdc) 

h FE 

40 

30 

- 

400 

300 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lC = 10 Adc, l B = 500 mAdc) 


- 

- 

2 


( 1 C = 20 Adc, l B - 2 Adc) 


- 

- 

3.5 


(l c = 10 Adc, l B = 500 mAdc, Tc = 100°C) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

v BE (sat) 




Vdc 

(1C = 10 Adc, l B = 500 mAdc) 


- 

- 

2.5 


(1C = 10 Adc, l B = 500 mAdc, T c = 100°C) 


- 

: 

2.5 


Diode Forward Voltage (1) 

Vf 

- 

3 

5 

Vdc 

(l F = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l c = 1 Adc, V CE = 10 Vdc, f t e S t = 1 MHz) 

1 hf e | 

8 

- 

- 

- 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f t est = 100 kHz) 

^ob 

100 


325 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(Vcc = 250 Vdc, l C = 10 A, 

I B 1 - 500 mA, V BE ( 0 ff) = 5 Vdc, t p = 25 ms 

Duty Cycle < 2%L 

td 

- 

0.12 

0.25 

MS 

Rise Time 

t r 

- 

0.5 

1.5 

MS 

Storage Time 

ts 

- 

0.8 

2.0 

MS 

Fall Time 

tf 

- 

0.2 

0.6 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

(l c = 10 A(pk), V damp - 250 V, I B1 = 500 mA, 
v BE<off) = 5Vdc,T c = 100°C) 

tsv 

- 

1.5 

3.5 

MS 

Crossover Time 

lc 

- 

0.36 

1.6 

MS 

Storage Time 

(I C = 10 A(pk), V clamp = 250 V, I B1 = 500 mA, 
v BE(off) = 5 Vdc) 

.t sv 

- 

0.8 

- 

MS 

Crossover Time 

. tc 

- 

0.18 

- 

MS 


(1) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: PW = 300 ms, Duty Cycle < 2%. 
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MJ10008, MJ10009 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



•Adjust -V such that VeE(off) = 5 V except as required for RB SOA (Figure 12). 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are/ common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% I B1 to 10% V c | am p 

trv = Voltage Rise Time, 10—90% V c | amp 

tfj = Current Fall Time, 90—10% Iq 

tti = Current Tail, 10-2% lc 

t c = Crossover Time, 10% V c | amp to 10% lc 

— continued — 
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MJ 10008, MJ10009 


TYPICAL CHARACTERISTICS 


SWITCHING TIMES NOTE (continued) 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

P SWT = 1/2 Vcc l C<tc) f 

Typical inductive switching waveforms are shown in 
Figure 7. In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at Tc = 25°C and has become a 
benchmark for designers. However, for designers of 
high frequency converter circuits, the user oriented 
specifications which make this a ''SWITCHMODE" 
transistor are the inductive switching speeds (t c and t sv ) 
which are guaranteed at Tc = 100°C. 

RESISTIVE SWITCHING PERFORMANCE 



12 5 10 20 

l c , COLLECTOR CURRENT (AMP) 



12 5 10 20 

l c . COLLECTOR CURRENT (AMP) 


FIGURE 10 - THERMAL RESPONSE 
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MJ10008, MJ10009 



SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic~Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve on 
Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as Vq^x(sus) at a 9' ven 
collector current and represents a voltage-current condi- 
tion that can be sustained during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Fig- 
ure 12 gives the complete reverse bias safe operating area 
characteristics. See Table 1 for circuit conditions. 



0 40 80 120 160 200 

TC. CASE TEMPERATURE (°C) 


FIGURE 14 - REVERSE BASE CURRENT versus 
v BE(off) WITH NO EXTERNAL BASE RESISTANCE 
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(M) MOTOROLA 


MJ10011 


DARLINGTON 

HORIZONTAL DEFLECTION TRANSISTOR 


. . . specifically designed for use in deflection circuits. 


• Built-In Damper Diode 

• V CEX = 1400 Volts 

• Glassivated Base-Collector Junction 

• Safe Operating Area @ 50 /is = 25 A, 200 V 



MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEX 

1400 

Vdc 

Emitter Base Voltage 

CO 

UJ 

> 

5.0 

Vdc 

Collector Current — Continuous 

>C 

8.0 

Adc 

Peak (1 ) 

*CM 

16 


Base Current — Continuous 

•b 

2.0 

Adc 

Peak (1) 

•bm 

4.0 


Emitter Current — Continuous 

•e 

10 

Adc 

Peak (1 ) 

•em 

20 


Total Power Dissipation @ Tq = 25°C 

Pd 

80 

Watts 

Derate above 25°C 


0.6 

W/°C 

Operating and Storage Junction 

T J> T stg 

-65 to +1 50 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


( 1 ) Pulse Test: Pulse Width = 1.0 ms. Duty Cycle < 1 0%. 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.56 

°C/W 

Maximum Lead Temperature for 

Soldering Purposes: 

1 .8" from Case for 5 Seconds 


275 

°c 



8.0 AMPERE 

NPN SILICON 
DARLINGTON 
POWER TRANSISTOR 

1400 VOLTS 
80 WATTS 




STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 

NOTES 

1. DIMENSIONS Q AND V ARE DATUMS 
2 G3 IS SEATING PLANE AND DATUM 
3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q. 

| » | fl3 (0.005)© 1 T | V® 1 

FOR LEADS 

I 4- 1 j13 (0.005)® T j V©| Q©1 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

_ 

0 830 

C 

6 35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0 038 

0 043 

E 

1.40 

1.78 

0.055 

0 070 

F 

30.1 

BSC 

1.187 BSC 

G 

109 

BSC 

0 430 BSC 

H 

5.4 

BSC 

0.215 BSC 

J 

16.8! 

I BSC 

0.66 

j BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3 81 

4.19 

0.150 

0.165 

R 

- j 

26 67 

- 

1 050 

U 

4.83 | 

5.33 

0.190 

0.210 

V 

3 81 

4.19 

0 150 

0.165 


CASE 1-05 
TO-204AA 
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MJ10011 


ELECTRICAL CHARACTERISTICS (t c = 25° unless otherwise noted) 



OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(l c = 100 mAdc, l B =0) 

v CEO(sus) 

700 

~ 

Collector Cutoff Current 

<V CE = 1400 Vdc, V BE = 0) 

*CES 

— 

- 

Emitter Cutoff Current 
(V BE = 4.0 Vdc, lc = 0) 

'EBO 

— 

~ 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(1C = 3.5 Adc, l B = 0.15 Adc) 

(l c = 4.0 Adc, l B =0.2 Adc) 

v CE(sat) 

- 

- 


Base Emitter Saturation Voltage 
(l c = 3.5 Adc, l B = 0.1 5 Adc) 

(l c = 4.0 Adc, l B = 0.2 Adc) 

v BE(sat) 

- 

- 


Forward Diode Voltage 
(Ip = 4.0 Adc) 

V f 

- 

1.2 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 

See Figure 

SWITCHING CHARACTERISTICS 

Fall Time (See Figure 2) 

Oc = 4.0 Adc, I B1 =0.2 Adc) 

tf 

- 

0.65 



(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle = 2%. 


FIGURE 2 - FALL TIME TEST CIRCUIT 



+ 125 V 








MOTOROLA 


MJ10012 


IMPN SILICON POWER DARLINGTON TRANSISTOR 

The MJ10012 is a high-voltage, high-current darlington transistor 
designed for automotive ignition, switching regulator and motor con- 
trol applications. 


Collector-Emitter Sustaining Voltage — 
v CEO(sus) =400 Vdc < Min ) 

175 Watts Capability at 50 Volts 
Automotive Functional Tests 



10 AMPERE 

POWER TRANSISTOR 
DARLINGTON NPN SILICON 

400 VOLTS 
175 WATTS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO< sus ) 

400 

Vdc 

Collector-Emitter Voltage 

(R BE = 27 n) 

V CER 

550 

Vdc 

Collector-Base Voltage 

v CBO 

600 

Vdc 

Emitter-Base Voltage 

v EBO 

8.0 

Vdc 

Collector Current — Continuous 
— Peak (1 ) 

>C 

10 

15 

Adc 

Base Current 

•b 

2.0 

Adc 

Total Power Dissipation @ Tq = 25°C 
@T C = 100°C 

Derate above 25°C 

Pd 

175 

100 

1.0 

Watts 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J/ T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 .0 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8” from Case for 5 Seconds 

Tl 

275 

°C 


( 1 ) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle <10 
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MJ10012 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) | 

Collector-Emitter Sustaining Voltage (Figure 1) 

(1C = 200 mAdc, Ib = 0, V c | amp = Rated Vceo> 

v CEO(sus) 

400 

- 

- 

Vdc 

Collector-Emitter Sustaining Voltage (Figure 1) 

Oc ~ 200 mAdc, R BE = 27 Ohms, 
v clamp = R ated V CER ) 

v CER(sus) 

425 



Vdc 

Collector Cutoff Current 

(Rated Vcer. R be = 27 Ohms) 

'CER 

- 

- 

1.0 

mAdc 

Collector Cutoff Current 
(Rated VqbO> *E = 0) 

! CBO 

- 

- 

1.0 

mAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, lc = 0) 

'ebo 


~ 

40 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 3.0 Adc, V CE = 6.0 Vdc) 

(l c = 6.0 Adc, V CE = 6.0 Vdc) 

(l c = 10 Adc, V CE = 6.0 Vdc) 

hpE 

300 

100 

20 

550 

350 

150 

2000 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 3.0 Adc, I b = 0.6 Adc) 


- 

- 

1.5 


(Iq = 6.0 Adc, l B = 0.6 Adc) 


- 

- 

2.0 


(l c = 10 Adc, l B = 2.0 Adc) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(Iq = 6.0 Adc, l B = 0.6 Adc) 


- 

- 

2.5 


(1C = 10 Adc, l B = 2.0 Adc) 


- 

- 

3.0 


Base-Emitter On Voltage 

v BE(on) 

- 

- 

2.8 

Vdc 

(l c = 10 Adc, V C E = 6.0 Vdc) 






Diode Forward Voltage 

Vf 

- 

2.0 

3.5 

Vdc 

(l F = 10 Adc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

165 

350 

pF 

(V CB = 10 Vdc, l E = 0, f tes t = 100 kHz) 







SWITCHING CHARACTERISTICS 


Storage Time 

(V CC = 12 Vdc, 
lc = 6.0 Adc, 

•b 1 = *B2 = 0.3 Adc) Figure 2 

Is 

_ 

7.5 

15 

MS 

Fall Time 

tf 

- 

5.2 

15 

MS 

FUNCTIONAL TESTS 

Second Breakdown Collector Current with 

Base-Forward Biased 

•S/B 

See Figure 10 

' 

Pulsed Energy Test (See Figure 12) 

'C 2 L 

2 


- 

180 

mJ 


(1 ) Pulse Test: Pulse Width = 300 m$, Duty Cycle = 2%. 


FIGURE 1 - SUSTAINING VOLTAGE 
TEST CIRCUIT 

V cc = 20 Vdc 



FIGURE 2 - SWITCHING TIMES 
TEST CIRCUIT 
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FIGURE 7 - TURN-OFF SWITCHING TIME 



0.5 0.7 1 2 3 5 7 10 20 

1C, COLLECTOR CURRENT (AMP) 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2 





0.2 0.3 0.5 0.7 1 2 3 

‘ 1C, COLLECTOR CURRENT (AMP) 


FIGURE 8 - COLLECTOR CUTOFF REGION 



-0.2 0 +0.2 +0.4 


VbE, BASE-EMITTER VOLTAGE (VOLTS) 



r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJ10012 


FIGURE 9 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 10 - FORWARD BIAS SAFE OPERATING AREA 



0.005 — tzi.-L _ L L. J -t _I J. 1 1 . .1. L L _ . 

5 10 20 30 50 70 100 200 300 500 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V qE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tq = 25°C; Tj(p|<) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1 . 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 11 - POWER DERATING 


FIGURE 12 - USAGE TEST CIRCUIT 



10 mH 
Stancore 



t-j to be selected such that Iq reaches 6 Adc before switch-off. 
NOTE: 

"Usage Test," Figure 1 2 specifies energy handling capabilities 
in an automotive ignition circuit. 
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MOTOROLA 


MJ10013 

MJ10014 


Designers Bata Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJ10013 and MJ10014 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line- 
operated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 


Fast T urn-Off Times 

250 ns Inductive FAII Time-25°C (Typ) 

500 ns Inductive Crossover Time— 25°C (Typ) 
1 .4 /is Inductive Storage Time— 25°C (Typ) 
Operating Temperature Range: -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA With Inductive Loads 
Switching Times With Inductive Loads 
Saturation Voltages 
Leakage Currents 



10 AMPERE 

NPN SILICON 

POWER DARLINGTON 
TRANSISTORS 

550 AND 600 VOLTS 
175 WATTS 


Designers Data for 
"Worst-Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data— 
representing device characteristic 
boundaries— are given to facilitate 
"worst-case" design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ10013 

MJ10014 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

550 

600 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

700 

Vdc 

Emitter Base Voltage 

< 

m 

CD 


Vdc 

Collector Current - Continuous 

•c 


10 


Adc 

- Peak (1) 

'CM 


15 



Base Current - Continuous 

« 

B 



7 


Adc 

- Peak (1) 

•bm 


10 



Total Power Dissipation @ Tq = 25°C 

p D 


175 


Watts 

@T C = 100°C 




100 



Derate above 25°C 





1 


W/°C 

Operating and Storage Junction 

Tj.T stg 

- 

65 to +200 


°C 

Temperature Range 








1 THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 

°C/W 

Maximum Lead Temperature for Soldering 


Tl 


275 


°C 

Purposes: 1/8” from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle <10% 



A h 

r< 


r 

i 



NOTES 

1 DIMENSIONS Q AND V ARE DATUMS 

2 FT) IS SEATING PLANE AND DATUM. 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

| » | > 13(0005)© 1 T | V© | 

FOR LEADS 

f 4 1 j> 13(0 005) ©T | V(M)1 Q©| 

4 DIMENSIONS AND TOLERANCES PER 
ANSI ¥14 5, 1973 


STYLE 1 

PIN 1 BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0 830 

C 

6 35 

7.62 

0.250 

0.300 

D 

0 97 

1 09 

0.038 

0 043 

E 

1.40 

1.78 

0 055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10 92 BSC 

0 430 BSC 

H 

5 46 BSC 

0.215 BSC 

J 

16.89 BSC 

0 66 

BSC 

~iC 

11.18 

12 19 

0.440 

0 480 

T 1 

3.81 

4 19 

0150 

0.165 

R 


26 67 


1.050 

u 1 

4 83 

5.33 

0190 

0210 

tvj 

3.81 

4 19 

0.150 

0 165 
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MJ10013, MJ10014 


ELECTRICAL CHARACTERISTICS (Tc = 25°,C unless otherwise noted) 

Characteristic T [ Symbol ] Mini | Typ ~| Max Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(1C = 100 mA, l B = 0) MJ10013 

MJ10014 

v CE6(sus) 

550 

600 

- 

- 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

(Vcev = Rated Value, VgE(off) = L5 Vdc) 


- 

- 

0.3 


(Vcev = Rated Value, VgE(off) = T5 Vdc, Tc = 150°C) 


- 


5 


Collector Cutoff Current 

'CER 

- 

- 

5 

mAdc 

(V CE = Rated V CEV , RbE = 50 T c = 100°C) 






Emitter Cutoff Current 

>EBO 

- 

- 

175 

mAdc 

(V EB = 2 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See Figure 12 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (2) 


DC Current Gam 

(1 q = 5 Adc, V CE = 5 Vdc) 

<*C = 10 Adc, V CE = 5 Vdc) 

hpE 

20 

10 

- 



Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(1C = 10 Adc, l B =2 Adc) 


- 




(l C = 10 Adc, l B = 2 Adc, T C = 100°C) 


- 

- 



Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 10 Adc, l B = 2 Adc) 


- 

- ' 

3 


(l c = 10 Adc, l B = 2 Adc, T C = 100°C) 


- 

- 

3 


Diode Forward Voltage (1) 

Vf 

- 

3 

5 

Vdc 

(l F = 10 Adc) 



1 

1 




DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(1C = 1 Adc, V CE = 10 Vdc, f tes t = 1 MHz) 

1 hf e | 

10 

- 

- 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 100 kHz) 

Cob 

100 



PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

Rise Time 

(Vcc = 250 Vdc, lc = 10 A, 

I B 1 = 400 mA, V BE ( 0 ff) = 5 Vdc, t p = 50 ms, 

Duty Cycle < 2%). 

< d ^ 

- 

0.02 

0.2 

MS 

t r 


0.9 

2 

MS 

Storage Time 

ts 

- 

0.95 

m 

MS 

Fall Time 

tf 

- 

0.22 

■ 

MS 

Inductive Load, Clamped (Table 1) 

Storage Time 

(I C = 10 A(pk), V clamp = 250 Vdc, I B1 = 1 A, 
v BE(off) = 5 Vdc, Tc = 100°C) 

<s 

- 

2.3 

6 

MS 

Crossover Time 



1 

3 

MS 

Storage Time 

(IC = 10 A(pk), V C | amp = 250 Vdc, I B1 = 1 A, 
V B E(off) = 5 Vdc, T C = 25°C) 

t S 

- 

1.4 

- 

MS 

Crossover Time 

tc 

- 

0.5 

- 

MS 

Fall Time 

tfi 

- 

0.25 

- 

MS 


(1) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. 
Tests have shown that the Forward Recovery Voltage ( Vf ) of this diode is comparable to that of typical fast 
recovery rectifiers. 

(2) Pulse Test: ' PW = 300 ms. Duty Cycle « 2%. 
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Iq, COLLECTOR CURRENT (fiA) V, VOLTAGE (VOLTS) h FE , DC CURRENT GAIN 





MJ10013, MJ10014 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



SWITCHING TIME NOTE 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 


t sv = Voltage Storage Time, 90% Igl to 10% Vciamp 
t rv - Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time, 90-10% lc 
ttj = Current Tail, 10—2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the turn-off waveforms is shown in 
Figure 7 to aid in the visual identity of these terms. 


- continued 


FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 



1.0 2.0 5.0 8.0 

V BE(off). BASE-EMITTER VOLTAGE (VOLTS) 
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MJ10013, MJ10014 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic^cE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq> 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions allowable during reverse biased 
turn-off. This rating is verified under clamped conditions 
so that the device is never subjected to an avalanche mode. 
Figure 13 gives the complete RBSOA characteristics. 



0 40 80 120 160 200 

T C , CASE TEMPERATURE (°C) 
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MOTOROLA 


MJ10015 

MJ10016 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 


The MJ10015 and MJ10016 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line- 
operated switchmode applications such as: 

• Switching Regulators 

• Motor Controls 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 

1.0 jus (max) Inductive Crossover Time — 20 Amps 
2.5 jus (max) Inductive Storage Time — 20 Amps 

• Operating Temperature Range -65 to +200°C 

• Performance Specified for 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


50 AMPERE 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

400 and 500 VOLTS 
250 WATTS 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ10015 

MJ10016 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

400 

500 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

< 

m 

03 

8.0 

Vdc 

Collector Current — Continuous 

•c 

50 

Adc 

-Peak (1) 

•cm 

75 


Base Current — Continous 

•b 

10 

Adc 

— Peak (1 ) 

•bm 

15 


Total Power Dissipation @ Tq = 25°C 

Pd 

250 

Watts 

@ T C = 1 00°C 


143 


Derate above 25°C 


1.43 

W/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°c 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.7 

°c/w 

Maximum Lead Temperature for Soldering Purposes: 

Tl 

275 

°c 

1/8” from Case for 5 Seconds 






(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle <10% 




STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 197-01 
MODIFIED TO-3 
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MJ10015, MJ10016 


ELECTRICAL CHARACTERISTICS (T^ = 25°c unless otherwise noted) 


Characteristic ] 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1) 

Oc = 100 mA, l B = 0, V C | arnp = Rated VcEO^ MJ10015 

MJ10016 

v CEO(sus) 


B 

m 

Vdc 

Collector Cutoff Current 

< V CEV = Rated Value, V0E(off) = 1-5 Vdc) 

>CEV 

- 

- 

0.25 

mAdc 

Emitter Cutoff Current 
(V EB = 2.0 Vdc, I C = 0) 

'EBO 

. 

- 

— 

350 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 

See Figure 7 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 8 



ON CHARACTERISTICS (1) 


DC Current Gain 

h FE 




_ 

(l c = 20 Adc, V CE = 5.0 Vdc) 


25 

- 

- 


(l c = 40 Adc. V ce = 5.0 Vdc) 


10 

- 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 20 Adc, l B = 10 Adc) 


- 

- 

2.2 


(l c = 50 Adc, l B = 10 Adc) 


- 

- 

5.0 


Base-Emitter Saturation Voltage 

v BE(sat) 

- 

- 

2.75 

Vdc 

(l c = 20 Adc, l B = 1.0 Adc) 






Diode Forward Voltage (2) 

Vf 

_ 

2.5 

5.0 

Vdc 

(l E = 20 Adc) 







DYNAMIC CHARACTERISTIC 


Output Capacitance 

Cob 

_ 

_ 

750 

pF 

( V C B = 1 0 Vdc, 1 E = 0, f t e S t = 1 00 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(V CC = 250 Vdc, lc = 20 A, 

I B 1 = 1 0 Adc, V BE ( 0 ff) = 5 Vdc, t p = 25 jus 

Duty Cycle < 2%). 

td 

- 

0.14 

0.3 

MS 

Rise Time 

t r 

- 

0.3 

1.0 

MS 

Storage Time 

ts 

- 

0.8 

2.5 

MS 

Fall Time 

tf 

- 

0.3 

1.0 

MS 

Inductive Load, Clamped (Table 1 ) ] 

Storage Time 

(l c = 20A(pk), V clamp = 250 V, I B1 = 1.0 A, 
v BE(off) = 5.0 Vdc) 

tsv 

- 

1.0 

2.5 

MS 

Crossover Time 

l c 


0.36 

1.0 

MS 


(1 ) Pulse Test: Pulse Width * 300 ms, Duty Cycle < 2%. 

(2) The internal Collector-to-Emitter diode ccr, eliminate the need for an external diode to clamp inductive loads. Tests have shown that 
the Forward Recovery Voltage ( Vf ) of this diode is comparable to that of typical fast recovery rectifiers. 
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MJ10015, MJ10016 


TYPICAL CHARACTERISTICS 



0.5 1.0 2.0 5.0 10 20 50 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 
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MJ10015, MJ10016 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 6 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
Waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine the 
total switching time. For this reason, the following new 
terms have been defined. 


t sv = Voltage Storage Time, 90% I b 1 to 10% V c | amp 

t rv = Voltage Rise Time, 10-90% V c | amp 

tfj = Current Fall Time, 90-10% Iq 

ttj = Current Tail, 10-2% Iq 

t c = Crossover Time, 10% V c | amp to 10% Iq 

For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT= 1/2 V CC IC<tc)f 

In general, t rv + tfj s t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified and has become a benchmark for 
designers. However, for designers of high frequency con- 
verter circuits, the user oriented specifications which 
make this a "SWITCHMODE” transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed. 
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MJ10015, MJ10016 




0 40 80 120 160 200 

TC, CASE TEMPERATURE (°C) 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc - VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 7 is based on Tq = 25°C;Tj(p| < ) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 7 may be found 
at any case temperature by using the appropriate curve 
on Figure 9. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 8 
gives the complete RBSOA characteristics. 


FIGURE 10 - TYPICAL REVERSE BASE CURRENT 
versus V BE ( off ) WITH NO EXTERNAL BASE RESISTANCE 
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MJ 10020 
MJ 10021 



MOTOROLA 


Designei's Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10020 and MJ 10021 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for line- 
operated switchmode applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 

150 ns Inductive Fall Time at 25°C (Typ) 

750 ns Inductive Storage Time at 25°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



60 AMPERE 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


200 and 250 VOLTS 
250 WATTS 


Designer's Data for 
"Worst Case" Conditions 


The Designers Data Sheet permits 
the design of most circuits entirely 
from the information presented. Limit 
data — representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



MAXIMUM RATINGS 


Rating 

Symbol 

MJ10020 

MJ10021 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

200 

250 

Vdc 

Collector-Emitter Voltage 

V CEV 

300 

350 

Vdc 

Emitter Base Voltage 

Veb 

8.0 

Vdc 

Collector Current — Continuous 

•C 


60 

Adc 

— Peak (1 ) 

•cm 


100 


Base Current — Continuous 

•b 


20 

Adc 

- Peak (1 ) 

•bm 


30 


Total Power Dissipation @ Tq = 25°C 

P D 


250 

Watts 

@ T c = 100°C 



143 


Derate above 25°C 



1.43 

w/°c 

Operating and Storage Junction 

T J> T stg 


-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0J.C 

0.7 

°C/W 

Maximum Lead Temperature for Soldering Purposes: 



275 

°c 

1 /8" from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle <10% 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIIV 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 197-01 
MODIFIED TO-3 
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MJ 10020, MJ10021 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min 

OFF CHARACTERISTICS 


Typ 


Collector-Emitter Sustaining Voltage (Table 1) MJ10020 

(l C = 100 mA, l B = 0) MJ10021 

VcEO(sus) 

200 

250 


- 

Vdc 

Collector Cutoff Current 

(VcEV = Rated Value, V BE (off) = 1.5 Vdc) 

(V C EV ■ Rated Value, V BE ( off ) = 1.5 Vdc, T c = 150°C) 

<CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(Vqe = Rated V C EV» r BE = 50 n, T c = 100®C) 

'CER 

~ 


5.0 

mAdc 

Emitter Cutoff Current 
(V EB = 2.0 V, l c = 0) 

>EBO 

- 

- 

175 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 


See Figure 13 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 14 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 15 Adc, V CE = 5.0 V) 

h FE 

75 


1000 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 30 Adc, l B = 1.2 Adc) 


- 

- 

2.2 


Oc = 60 Adc, l B = 4.0 Adc) 


- 

- 

4.0 


(l C = 30 Adc, l B = 1.2 Adc, T c = 100°C) 


- 

- 

2.4 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 30 Adc. I B = 1.2 Adc) 


- 

- 1 

3.0 


(l C = 30 Adc, 1 B = 1 .2 Adc, T c = 1 00^0 


- 

1 

3.5 


Diode Forward Voltage 

Vf 

- 

2.5 

5.0 

Vdc 

(l F =30 Adc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

175 

- 

700 

pF 

(V CB = 10 Vdc, l E = 0, f test = 1.0 kHz) 






SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(V C c = 175 Vdc, l C = 30 A, 

I B 1 = 1.2 Adc, V BE ( 0 ff) = 5.0 V, t p = 25 ms 

Duty Cycle < 2.0%). 

td 

- 

0.02 

0.2 

MS 

Rise Time 

tr 

- 

0.30 

1.0 

MS 

Storage Time 

Is 

- 

1.0 

3.5 

MS 

Fall Time 

tf 

- 

0.07 

0.5 

MS 

Inductive Load, Clamped (Table 1) | 

Storage Time 

ICM = 30 A(pk), Vq EM = 200 V, I B1 = 1 .2 A, 
VBE(off) = 5V,Tc = 100°C) 

tsv 

- 

1.2 

3.5 

MS 

Crossover Time 

t C 

- 

0.45 

2.0 

MS 

Storage Time 

(ICM = 30 A(pk), VcEM = 200 l B1 = 1 -2 A, 
^BE(off) = 5 V, T c = 25°C) 

tsv 

- 

0.75 

- 

MS 

Crossover Time 

tc 

- 

0.25 

- 

MS 

Fall Time 

tfi 

- 

0.15 

- 

MS 


(1) Pulse Test: PW = 300 ms. Duty Cycle ^ 2% 
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MJ10020, MJ10021 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 
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FIGURE 2 - COLLECTOR SATURATION REGION 



1b, BASE CURRENT (AMPS) 
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FIGURE 6 - OUTPUT CAPACITANCE 
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MJ10020, MJ10021 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I B 1 t0 10 % V CEM 
t rv = Voltage Rise Time, 10 - 90% VcEM 
tfj = Current Fall Time, 90 - 10% IcM 
tti = Current Tail, 10 - 2% IcM 
t c = Crossover Time, 10% Vq^M to 10% ! CM 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 


For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 

P SWT = 1/2 VccIcMf 

In general, t^ + tfj s t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high fre- 
quency converter circuits, the user oriented specifications 
which make this a "SWITCHMODE" transistor are the 
inductive switching speeds (t c and t sv ) which are guaran- 
teed at 100°C. 


RESISTIVE SWITCHING 
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FIGURE 11 - TYPICAL TURN-OFF SWITCHING TIMES 



FIGURE 12 - THERMAL RESPONSE 


■E s 

z i o 





MJ10020, MJ10021 


The Safe Operating Area figures shown in Figures 13 and 14 are 
specified for these devices under the test conditions shown. 


FIGURE 13 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



FIGURE 14 - MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 
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V C EM - COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc _ VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tc = 25°C; Tj( p ( c ) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T c ^ 25° C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 13 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 

Tj(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Linder these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 
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MJ 10022 
MJ 10023 



MOTOROLA 


Designers Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ10022 and MJ10023 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for 
line-operated switchmode applications such as: 

• AC and DC Motor Controls 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Fast Turn-Off Times 

1 50 ns Inductive Fall Time @ 25°C (Typ) 

300 ns Inductive Storage Time @ 25°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ10022 

MJ10023 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

VCEV 

450 

600 

Vdc 

Emitter Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Continuous 

>c 

40 

Adc 

— Peak (1) 

'CM 

80 


Base Current — Continuous 

<B 

20 

Adc 

— Peak (1 ) 

*BM 

40 


Total Power Dissipation @ Tq = 25°C 

P D 

250 

Watts 

@T C = 100°C 


143 


Derate above 25°C 


1.43 

W/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +200 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.7 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 


275 

°c 

(1) Pulse Test. Pulse Width = 5 ms. Duty Cycle ^ 10%. 




40 AMPERE 


NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 


350 and 400 VOLTS 
250 WATTS 


Designer's Data for 
"Worst Case" Conditions 


The Designers Data Sheetpermits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



A 



2. EMITTER 
CASE. COLLECTOR 



DIM 

MILLIM 

ETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 197-01 

MODIFIED TO -3 
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MJ10022, MJ10023 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol [ Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJ10022 

(l c = 100 mA, l B = 0) MJ10023 

v CE0(sus) 

350 

400 

- 

_ 

Vdc 

Collector Cutoff Current 
(Vcev = Rated Value, Vf}E(off) = 1 5 Vdc) 

(Vcev = Rated Value, V BE ( 0 ff) =1.5 Vdc, Tq = 1 50°C) 

•CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 
(V CE = Rated V CEV , Rbe = 50 O, T C = 100°C) 

>CER 

— 

— 

5.0 

mAdc 

Emitter Cutoff Current 
(V EB = 2.0 V, I C = 0) 

•ebo 

— 

— 

175 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 


See Figure 13 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 14 



ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 10 Adc, V CE = 5.0 V) 

hpE 

50 

- 

600 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 20 Adc, l B = 1 .0 Adc) 


— 

— 

2.2 


l c = 40 Adc, l B = 5.0 Adc) 


— 

— 

5.0 


(l C = 20 Adc, l B = 1.0 Adc, T c = 1 00°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(IC = 20 Adc, Ib^I- 2 Adc) 


— 

— 

2.5 


(IC = 20 Adc, l B = 1.2 Adc, Tq = 100°C) 


— 

— 

2.5 

.. _ 


Diode Forward Voltage 

Vf 

— 

2.5 

5.0 

Vdc 

(Ip = 20 Adc) 




i 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

150 

— 

600 

pF 

(V C b = 1 0 Vdc, l E = 0, f test = 1 .0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(V CC = 250 Vdc, l c = 20 A, I B1 = 1 .0 Adc, 
v BE(off) = 5.0 V, t p = 50 ns, 

Duty Cycle < 2.0%) 

Id 

— 

0.03 

0.2 

MS 

Rise Time 

tr 

__ 

0.4 

1.2 

us 

Storage Time 

... < s 

— 

0.9 

2.5 

MS 

Fall Time 

tf ' 

— 

0.3 

0.9 

MS 

Inductive Load, Clamped (Table 1) j 

Storage Time 

dCM = 20 A, V CE M = 250 V, I B1 = 1 .0 A, 
v BE(off)=5V, Tq= 100°C) 

tsv 

_ 

1.9 

4.4 

MS 

Crossover Time 

lc 

— 

0.6 

2.0 

MS 

Fall Time 

tfi 

— 

0.3 

— 

MS 

Storage Time 

(l C M = 20 A, V C EM = 250 V, I B1 = 1 .0 A, 
V B E(off)=5V, T c = 25°C) 

tsv 

_ 

1.0 

_ 

MS 

Crossover Time 

lc 

— 

0.3 

_ 

MS 

Fall Time 

tfi 


0.15 

- 

MS 


(1) Pulse Test: PW = 300 /us. Duty Cycle ^ 2% 
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1.3 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 



30 L 1-1 .1 I — L..J I 1 I I I. 1 i 1JJ I I I — X 

0.4 1.0 2.0 5.0 10 20 40 

l C , COLLECTOR CURRENT (AMPS) 



0.4 1.0 2.0 5.0 10 20 40 

Iq, COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

l B , BASE CURRENT (AMP) 


FIGURE 4 - BASE-EMITTER SATURATION VOLTAGE 
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l C , COLLECTOR CURRENT (AMPS) 



-0.2 0 +0.2 +0.4 +0.6 +0.8 


V B E, BASE-EMITTER VOLTAGE (VOLTS) 
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V R , REVERSE VOLTAGE (VOLTS) 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
"1 RBSOA AND INDUCTIVE SWITCHING 


Pul* r~p v 

w,dth J u 


Adjust HI to obtain a forced hpg * 20 

t T 035 T rr 


RESISTIVE 
SWITCHING 
TURN ON TIME 


I B 1 adjusted to 
obtain the forced 
hpg desired 

TURN-OFF TIME 
Use inductive switching 
circuit as the input to 


Q1 2N2907 Q5 MJE 15028 

Q2 2N2222 D1 1N914 

Q3 2N3762 02 1N914 

Q4 MJE 1 5029 03 1N914 


VqC “ 250 V 
R l = 12.5 n 

Pulse Width = 25 ji 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


1N4937 | S | 

/ or -- I < I L 
Equivalent ^ -Jj 


f- — > 1 — 4 «» f— 


0.1 « T.me f— ! 2 — | 

‘Adjust - V such that V 0 g( o ff) = 5 V except as required for RBSOA (Figure 14). 


Test Equipme 
Scope - Tektrc 
475 Or Equival 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 



FIGURE 8 - TYPICAL PEAK REVERSE BASE CURRENT 

1 0 . 

9.0 


'CM -4- 2% l C -| 




















































l C = 20 A 








•B1 - 1 

A 

= 250 V 








Tj =*25 

°C 






i 
















{ 0 1.0 2.0 3.0 4.0 5 0 6.0 7 0 

VgE(off)' REVERSE BASE VOLTAGE (VOLTS) 

FIGURE 9 - TYPICAL INDUCTIVE SWITCHING TIMES 

S \ | | 'CM = 20 A 

100°C Ibi=1A 

\ I V C EM = 250V 



— 








25°C 






5°C^- 

— 

— 


1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

V B E( 0 ff)- BASE-EMITTER VOLTAGE (VOLTS) 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 
t sv - Voltage Storage Time, 90% Igi to 10% VqeM 
t rv = Voltage Rise Time, 10 — 90% Vqem 
tfj = Current Fall Time, 90—10% Icm 
tti = Current Tail, 10 — 2% Iqm 
t c = Crossover Time, 10% VqeM t0 >CM 
An enlarged portion of the inductive switching waveform 
is shown in Figure 7 to aid on the visual identity of 
these terms. 


For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 

PSWT = 1 /2 Vcclc(*c) f 

In general, trv + tfj s t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user orinented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


FIGURE 10 - TYPICAL TURN-ON SWITCHING TIMES 




0.4 1.0 2.0 5.0 10 20 40 

Iq, COLLECTOR CURRENT (AMPS) 


FIGURE 12 - THERMAL RESPONSE 



1-552 





MJ10022, MJ10023 


The Safe Operating Area figures shown in Figures 13 and 14 are 
specified for these devices under the test conditions shown. 


FIGURE 13 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



V CE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 14 - MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 



VeEM - PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tc = 25°C; T J(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 15. 

Tj(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 4 
gives the RBSOA characteristics. 



0 40 80 120 160 200 


Tc, CASE TEMPERATURE (°C) 
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MJ 10024 
MJ10025 



MOTOROLA 


Designer’s Data Sheet 


SWITCHMODE SERIES 

NPN SILICON POWER DARLINGTON TRANSISTORS 
WITH BASE-EMITTER SPEEDUP DIODE 

The MJ1 0024 and MJ1 0025 Darlington transistors are designed 
for high-voltage, high-speed, power switching in inductive circuits 
where fall time is critical. They are particularly suited for 
line-operated switchmode applications such as: 

• AC and DC Motor Controls 

• 


Switching Regulators 
Inverters 

Solenoid and Relay Drivers 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



20 AMPERE 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 

750 and 850 VOLTS 
250 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ10024 

MJ10025 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

750 

850 

Vdc 

Collector-Emitter Voltage 

V CEV 

1000 

1200 

Vdc 

Emitter Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Continuous 

•c 

20 

Adc 

— Peak(1) 

•cm 

40 


Base Current — Continuous 

Ib 

10 

Adc 

— Peak (1 ) 

>BM 

20 


Total Power Dissipation @ Tq = 25°C 

PD 

250 

Watts 

@T C = 100°C 


143 


Derate above 25°C 


1.43 

w/°c 

Operating and Storage Junction 

Tj- T stg 

-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.7 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1 /8" from Case for 5 Seconds 

t L 

275 

°c 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 


STYLE 1 

PIN 1. 8ASE 
2 EMITTER 
CASE COLLECTOR 



NOTES 

1 DIMENSIONS Q AND V ARE OATUMS 

2 m IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

| + 1 ♦■13(0005)© 1 T [V© | 

FOR LEADS 

1 4- | > 13 (0.005) ©T 1 V@1 Q©1 

4 DIMENSIONS AND TOLERANCES PER 
ANSI Y14 5, 1973 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

- 

1.550 

B 

- 

21 08 

- 

0 830 

C 

6.35 

7 62 

0 250 

0 300- 

D 

0 97 

1 09 

0.038 

0 043 

E 

1 40 

1 78 

0 055 

0 070 

F 

30.15 BSC 

1 18 

7 BSC 

G 

10 92 BSC 

0.430 BSC 

H 

5.46 BSC 

0 215 BSC 

J 

16 89 BSC 

0 665 BSC 

K 

11.181 1219 

0.440 

0 480 

Q 

3.81 4 19 

0 150 

0.165 

R 

26.67 


1.050 

JLi 

4 83 5 33 

0 190 

0210 

!j 

3 81| 4.19 

0 150 

0 165 


CASE 1-05 
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ELECTRICAL CHARACTERISTICS (T q = 25°C unless otherwise noted) 

Characteristic | Symbol j Min j Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) MJ10024 

(l C = 100 mA. I B = 0) MJ10025 

v CE0(sus) 

750 

850 

_ 



Vdc 

Collector Cutoff Current 
(Vcev = Rated Value, V BE ( 0 ff) =1.5 Vdc) 

(V C EV = Rated Value, V BE(o f f) = 1 .5 Vdc, T C = 1 50°C) 

<CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 
(Vce = Rated VqeV' RBE = 50 O, Tq = 1 00°C) 

*CER 

— 

— 

5.0 

mAdc 

Emitter Cutoff Current 
(V EB = 2.0 V, l C = 0) 

*EB0 

— 

— 

175 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 


See Figure 14 



Clamped Inductive SOA with base reverse biased 

RBSOA 


See Figure 1 5 




ON CHARACTERISTICS (1) 


DC Current Gain 

hpE 

50 

— 

600 

_ 

(lc = 5.0 Adc, Vq E = 5.0 V) 






Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(IC= 10 Adc. I B = 1.0 Adc) 

— 

— 

2.2 


l c = 20 Adc, l B = 5.0 Adc) 


— 

— 

5.0 


(1C = 10 Adc, l B = 1.0 Adc, Tq= 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(IC= 10 Adc, l B = 1.0 Adc) 

— 

— 

2.5 


(l C = 10 Adc, l B = 1 .0 Adc, T C = 1 00°C) 


— 

— 

2.5 


Diode Forward Voltage 

Vf 

— 

1.25 

4.0 

Vdc 

(l F =10 Adc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

110 

— 

500 

pF 

(V CB = 1 0 Vdc, l E = 0, f t est = 1 0 kHz) 

! 






SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 


td 

_ 

0.03 

0.3 


Rise Time 

(V C c = 250 Vdc, l c = 10 A. I B 1 = 1 0 Adc - 

t r 


0.6 

1.8 


Storage Time 

v BE(off) = 5.0 V, t p = 50 M s, 

t s 


2.0 

5.0 



Duty Cycle ^ 2.0%) 






Fall Time 


tf 

— 

0.6 

1.8 


Inductive Load, Clamped (Table 1 ) j 

Storage Time 

OCM = 10 A, V C EM = 250 V, I B1 = 1 .0 A, 

tsv 

- 

2.9 

7.0 

MS 

Crossover Time 

v BE(off)=5 V. T c = 100°C) 

t C 

- 

1.0 

3.3 


Storage Time 

(l C M = 10 A, V C EM = 25 0 V, I B1 = i o A, 

tsv 

— 

21 

50 

MS 

Crossover Time 

R BE = 24n,T c = 100°C 

tc 

- 

9.0 

25 


Storage Time 

(lCM = 1 0 A. V CEM = 250 V, V BE ( off ) = 5.0 V, 

tsv 

— 

2.2 

— 

MS 

Crossover Time 

I B 1 Baker Clamped [1 Ampere Source], 

tc 

— 

0.5 

— 



T c = 100°C) 







(1 ) Pulse Test: PW = 300 M s, Duty Cycle < 2% 
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FIGURE 1 — OC CURRENT GAIN 



FIGURE 3 — COLLECTOR SATURATION VOLTAGE 



0.5 1.0 2.0 5.0 10 20 

l C . COLLECTOR CURRENT (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION 
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V B E, BASE-EMITTER VOLTAGE (VOLTS) 
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FIGURE 2 - COLLECTOR SATURATION REGION 
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FIGURE 4 — BASE-EMITTER SATURATION VOLTAGE 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE 

SWITCHING 


'! 


PW Varied to Attain 
l c = 100 mA 



TU«N ON TIME 


,.fr 

I a 1 »diu*ted to 
obtain the forced 
hp E denred 


TURN OFF TIME 
Use inductive twitching 
circuit as the input to 
the resistive test circuit 


- o 7 n 
ip * v CEO(st 


L co ,l= 100 pH 
R C oil = 005 11 

v cc = 20 V 


Q1 2N2907 Q5 MJE 15028 

Q2 2N2222 Ol 1N914 

Q3 2N3762 D2 1N914 

Q4 MJE 1 5029 03 1N914 


V CC = 250 V 
Ri_= 25 n 
Pulse Width = 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


See Above for 
Detailed Conditions 


r 1 

ri 

] 1N4937 J 

r? 

/ « i 

i | ] 

Equivalent 

L> 

V -J 

v clamp — 

r t 


TOT -1 


T 

V CEI 


,( h“ 

nr 



*2— 


Test Equipment 
Scope - Tektronix 
475 or Equivalent 


•Adjust — V such that VgEfoff) = 5 V except as required for RBSOA (Figure 14). 



TIME 

FIGURE 9 - TYPICAL INDUCTIVE SWITCHING TIMES 



I r i i i i i i i 

0 1.0 2.0 3.0 4.0 5.0 6 0 7.0 8.0 

VBE(off). BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 8 — TYPICAL PEAK REVERSE BASE CURRENT 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

VBE(ott)- Reverse base voltage (volts) 

FIGURE 1 0 - TYPICAL INDUCTIVE SWITCHING TIMES 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 
t sv = Voltage Storage Time, 90% I b 1 to 1 0% Vqem 
t rv = Voltage Rise Time, 10 — 90% VcEM 
tfj = Current Fall Time, 90 — 10%lcM 
ttj = Current Tail, 10—2% Icm 
t c = Crossover Time, 10% VqeM t0 10% f CM 
An enlarged portion of the inductive switching waveform 
is shown in Figure 7 to aid on the visual identity of 
these terms. 



0.2 0.5 1.0 2.0 5.0 10 20 

1C, COLLECTOR CURRENT (AMPS) 


For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 

P SWT= 1/2 Vcclcdc) f 

In general, t rv + tfj ^ t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user orinented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


FIGURE 1 2 - TYPICAL TURN-OFF SWITCHING TIMES 



FIGURE 13 - THERMAL RESPONSE 
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The Safe Operating Area figures shown in Figures 1 4 and 1 5 are 
specified for these devices under the test conditions shown. 


FIGURE 14 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



V CE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 15 - MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 



VCEM - PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 14 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 4 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 6. 

Tj(pk) may be calculated from the data in Figure 13. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowableduring reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. 
Figure 1 5 gives the RBSOA characteristics. 


FIGURE 16 - POWER DERATING 
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MJ10041 
MJ 10044 
MJ10047 


(M) MOTOROLA 


Designer’s Data Sheet 


25 kVA ENERGY MANAGEMENT SERIES 
SWITCHMODE DARLINGTON TRANSISTORS 
25, 50 and 100 Ampere Operating Current 

These Darlington transistors are designed for industrial service 
under practical operating environments requiring fast switching 
speed for highly efficient systems operating at high frequency 
such as inverters, PWM controllers and other high frequency sys- 
tems operating from 120, 230 and 460 V lines. 



♦Emitter-Collector Diode is a fast recovery high power diode. 
Note: The 8 ohm resistor is not included in the MJ 10044 and MJ 10047. 


MAXIMUM RATINGS 


Mechanical Ratings j 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 6-32 Screw) 

(Note 1) 

8.0 

in. -lb 

Lead Torque (Lead to bus with 5 mm Screw) 

(Note 2) 

20 

in.-lb 

Per Unit Weight 

41 

grams 


THERMAL CHARACTERISTICS 

| Thermal Resistance, Junction to Case, Rfljc 1 0 5 | °C/W~ 

Mica Insulators available as separate items. 

0. 003. thick. Motorola Part Number 14CSB12387B003. 

Notes: 

1. A Belleville washer of 0.281" O.D., 0.138" I.D., 0.013" thick and 43 pounds flat 
is recommended. 

2. The maximum penetration of the screw should be limited to 0.50". 

3. To adapt the collector and emitter terminals to quick connect terminals, AMP 
250 Series Faston tab P/N 61499-1 is suggested. 

4. The mounting holes of this package are compatible with TO-204 (formerly 
TO-3) mounting holes. 


25, 50, and 100 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

250, 450 and 850 VOLTS 
250 WATTS 


Designer's Data for 
"Worst-Case” Conditions 

The Designer's Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit data — representing device 
characteristics boundaries — are given to facil- 
itate "worst-case" design. 



NOTES: 

1. DIMENSIONSAAND BARE DATUMS AND 
T IS BOTH A DATUM SURFACE AND 
SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR MOUNTING 

HOLES: 

1 4-] JZf 0.25 (0.010) ©| T | A®1 b©1 

3. DIMENSIONING AND T0LERANCING PER 
ANSI Y14.5, 1982. 

4. CONTROLLING DIMENSION: INCH 
EXCEPT FOR METRICALLYTHREADED 
INSERTS. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

39.11 

40.13 

1.540 

1.580 

B 

33.93 

34.95 

1.336 

1.376 

c 

- 

20.32 

- 

0.800 

D 

0.68 

0.83 

0.027 

0.033 

E 

8.30 

8.81 

0.327 

0.347 

F 

_ 

4.44 

- 

0.175 

G 

29.67 BSC 

1.168 

BSC 

H 

5.08 BSC 

0.200 

BSC 

J 

0.93 

1.09 

0.037 

0.043 

K 

— 

25.40 

- 

1.000 

L 

2.92 

3.30 

0.115 

0.130 

N 

17.14 

17.39 

0.675 

0.685 

Q 

3.73 

3.88 

0.147 

0.153 

R 

10.41 

10.79 

0.410 

0.425 

S 

5.84 

6.35 

0.230 

0.250 

U 

M5 .8 (MET 

RICTHf 

ID) 

V 

1.27 1 1.52 

0.050 

0.060 

W 

4.69 1 4.85 

0.185 

0.191 

X 

30.15 BSC 

1.187 

BSC 


CASE 353-01 
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MAXIMUM RATINGS (Continued) (Tc = 25°C unless otherwise noted.) 


Rating 

Symbol 

MJ10041 

MJ10044 

MJ10047 

Unit 

Collector-Emitter Voltage (Ig = 0) 

VCEO 

850 

450 

250 

Vdc 

Collector-Emitter Voltage (R B E = 10 Ohms) 

VCER 

900 

500 

300 

Vdc 

Collector-Base Voltage 

VCB 

900 

500 

300 

Vdc 

Emitter-Base Voltage 

Veb 

8.0 

Vdc 

Collector Current — Operating (Tc = 115°C) 

'C{op) 

25 

— . 

— 

A 

(T C = 85°C) 

— 

50 

— 


(T C = 85°C) 


— 

— 

100* 


Collector Current — Continuous 

•c 

37.5 

75 

100 

A 

— Peak Repetitive 


75 

150 

300 


— Peak Nonrepetitive 


125 

250 

500 


Base Current — Continuous 

'b 


25 


A 

— Peak Nonrepetitive 



50 



Total Device Dissipation 

pd 


250 


Watts 

Derate above Tc = 25°C 



2.0 


W/°C 

For 1-minute overload 



333 


Watts 

Operating Junction and Storage Temperature Range 

Tj, T s tg 


-55 to +150 


°C 

For 1 -minute overload 


-55 to 200 




ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

Characteristic I Symbol f Min | Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(1C = 125 mAdc) 

MJ 10041 

MJ 10044 

MJ 10047 

VCEO(sus) 

850 

450 

250 

- 

Vdc 

Collector Cutoff Current 


ICEV 



mA 

(Vce = Rated VcB/ VBE(off) = 1-5 Vdc) 



— 

2.0 


(V C E = Rated V CB , VBE(off) = 1-5 Vdc, T C = 150°C) 



— 

10 


Collector Cutoff Current 


■CER 

— 

10 

mA 

(v C e = Rated v C er, R B e = io a T C = 100°C) 


. _ . . 




Emitter Cutoff Current 


<EBO 



mA 

(V E b = 4.0 Vdc, l C = 0) 

MJ 10041 


— 

500 



MJ10044 - 


— 

2.5 



MJ 10047 






SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figures 32, 34 & 36 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figures 33, 35 & 37 

Overload Safe Operating Area 

OLSOA 

See Figures 38, 39, 40, 41, 42 & 43 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

2000 

PF 

(VcB = 10 Vdc, l E = 0, f tes t = 1.6 kHz) 



1 

1 



(1) Pulse Test. Pulse width of 300 /xs, duty cycle *£ 2.0%. 

•This rating is with a 50% duty cycle, and is limited by power dissipation. Higher operating currents are allowable at lower duty cycles. 
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ELECTRICAL CHARACTERISTICS (Continued) (Tc = 25°C unless otherwise noted.) 

Characteristic [ Symbol | Min | Max | Unit 


ON CHARACTERISTICS (1) 


MJ10041 





DC Current Gain 

h F E 




dC = 25 Adc, Vce = 5.0 Vdc) 


25 

— 


(1C = 25 Adc, V C E = 10 Vdc) 


40 

— 


Collector-Emitter Saturation Voltage 

VCE(sat) 



Vdc 

dC = 25 Adc, Ib = 2.0 Adc) 


— 

2.0 


(1C = 37.5 Adc, Ib = 7.5 Adc) 


— 

5.0 


(1C = 25 Adc, Ib = 2.0 Adc, Tc = 100°C) 


— ■ 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

dC = 25 Adc, l B = 2.0 Adc) 


— 

3.0 


(1C = 25 Adc, l B = 2.0 Adc, Tc = 100°C) 


— ■ 

3.0 



MJ10044 | 

DC Current Gain 

h FE 




(1C = 50 Adc, V C e = 5.0 Vdc) 


50 

— 


dC = 50 Adc, V C E = 10 Vdc) 


60 

— 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

dC = 50 Adc, l B = 1.67 Adc) 



2.0 


dC = 75 Adc, l B = 6.0 Adc) 


— 

3.3 


dC = 50 Adc, l B = 1.67 Adc, Tc = 100°C) 


— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(1C = 50 Adc, Ib = 1.67 Adc) 


— 

3.0 


dC = 50 Adc, l B = 1.67 Adc, Tc = 100°C) 


— 

3.0 


MJ10047 | 

DC Current Gain 

hFE 




dc = ioo Adc, vce = 50 Vdc > 


75 

_ 


(lc = 100 Adc, V C E = 10 Vdc) 


90 

— 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

dC = 100 Adc, Ib = 2.75 Adc) 


— 

2.0 


(1C = 100 Adc, l B = 2.75 Adc, T C = 100°C) 


— 

2.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

(1C = 100 Adc, Ib = 2.75 Adc) 


— 

3.5 


(1C = 100 Adc, l B = 2.75 Adc, T c = 100°C) 


— 

3.5 



(1) Pulse Test: Pulse width of 300 /jls, duty cycle 2.0%. 


ELECTRICAL CHARACTERISTICS (Continued) (Tc = 25°C unless otherwise noted.) 

Characteristic | Symbol ] Min |~ Typ 1 Max I Unit 


SWITCHING CHARACTERISTICS 


MJ10041 

Resistive Load 

Delay Time 

(Vce = 300 Vdc, lc = 25 A, I B1 = 2.5 A, 
VBE(OFF) = 5.0 V, tp = 50 ns, 

Duty Cycle 2.0%) 

td 


0.03 

0.25 

ns 

Rise Time 

tr 


1.2 

5.0 

Storage Time 

Is 

— 

3.3 

10 

Fall Time 

tf 

— 

1.5 

5.0 

Inductive Load, Clamped | 

Storage Time 

dCM = 25 A, 

V CE M = 300 V, 

VBE(OFF) = 5.0 V, 
lB1 = 2.5 A) 

Tj = 100°C 

tsv 

. 

5.0 

15 

ns 

Crossover Time 

tc 


3.0 

10 

Storage Time 

Tj = 25°C 

tsv 

— 

3.5 

10 

Crossover Time 

tc 

- 

1.5 

5.0 
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ELECTRICAL CHARACTERISTICS (Continued) (Tq = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min | Typ | Max | Unit 


SWITCHING CHARACTERISTICS 


MJ10044 

Resistive Load 

Delay Time 

(V C C = 250 Vdc, l C = 50 A, I B 1 = 1.67 A, 
v BE(OFF) = 5-0 V, t p = 50 /is. 

Duty Cycle 2.0%) 

td 

— 

0.03 

0.25 

A s 

Rise Time 

t r 

— 

0.9 

3.0 

Storage Time 

l s 

— 

1.5 

3.8 

Fall Time 

tf 

— 

0.4 

1.3 

Inductive Load, Clamped | 

Storage Time 

(ICM = 50 A, 

V C EM = 250 V, 
v BE(OFF) = 5.0 V, 
lB1 = 1-67 A) 

Tj = 100°C 

tsv 

— 

2.5 

7.5 

AS 

Crossover Time 

x c 

— 

0.8 

3.0 

Storage Time 

Tj = 25°C 

tsv 

— 

1.5 

3.8 

Crossover Time 

tc 

— 

0.5 

1.5 

MJ10047 

Resistive Load 

Delay Time 

(Vcc = 150 Vdc, l C = 100 A, Ibi = 2.75 A, 
v BE(OFF) = 5.0 V, t p = 50 fis, 

Duty Cycle 2.0%) 

td 

— 

0.035 

0.25 

AS 

Rise Time 

tr 

- 

1.2 

4.0 

Storage Time 

ts 

— 

1.4 

4.0 

Fall Time 

tf 

— 

0.25 

1.0 

Inductive Load, Clamped | 

Storage Time 

(ICM = 100 A, 

VcEM = 150 V, 
v BE(OFF) - 5.0 V, 

Ibi = 2.75 A) 

Tj = 100°C 

tsv 

— 

2.8 

8.0 

AS 

Crossover Time 

tc 


1.4 

4.0 

Storage Time 

Tj = 25°C 

tsv 

— 

2.2 

6.5 

Crossover Time 

tc 

— 

1.0 

3.0 


C-E DIODE CHARACTERISTICS 


Power Dissipation (l B = 0) 

PD 

— 

— 

125 

W 

Single Cycle Surge Current (60 Hz) 

'fsm 

— 

— 

250 

Apk 

Forward Voltage (1) 


Vf 




Vdc 

(Ip = 25 Adc) 

MJ 10041 


— 

2.7 

5.0 


(Ip = 50 Adc) 

MJ 10044 


— 

1.7 

5.0 


(Ip = 100 Adc) 

MJ 10047 


— 

2.5 

5.0 


Reverse Recovery Time 


trr 




AS 

(Ip = 25 Adc, di/dt = 25 AJ/jls) 

MJ 10041 


— . . 

0.2 

1.0 


(Ip = 50 Adc, di/dt = 50 A/ ns) 

MJ 10044 


— 

0.4 

1.0 


(Ip - 100 Adc, di/dt = 100 A//*s) 

MJ10047 


— 

0.4 

1.0 


Reverse Recovery Current 


'RM(rec) 




A 

(Ip = 25 A, di/dt = 25 AJ^s) 

MJ 10041 


— 

3.5 

12.5 


(Ip = 50 A, di/dt - 50 A//xs) 

MJ 10044 


— 

10 

25 


(Ip = 100 A, di/dt = 100 A/fts) 

MJ10047 


— ' 

25 

50 


Forward Turn-On Time (Compliance Voltage 

= 250 V) 

ton 




AS 

(Ip = 25 Adc) 

MJ 10041 


_ 

0.1 

1.0 


(Ip = 50 Adc) 

MJ 10044 


— 

0.1 

0.5 


(Ip = 100 Adc) 

MJ 10047 


— | 

0.4 

1.0 



(1) Pulse Test: Pulse width of 300 ns, duty cycle 2.0%. 
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1.3 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

■ ■ — — MJ10041 - - 


FIGURE 7 — DC CURRENT GAIN 
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FIGURE 9 — DC CURRENT GAIN 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

MJ10041 



FIGURE 14 — PEAK REVERSE BASE CURRENT 
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FIGURE 15 — BASE-EMITTER SATURATION VOLTAGE 



FIGURE 16 — PEAK REVERSE BASE CURRENT 
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FIGURE 17 — BASE-EMITTER SATURATION VOLTAGE 



FIGURE 18 — PEAK REVERSE BASE CURRENT 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

MJ10041 

FIGURE 19 — TYPICAL INDUCTIVE SWITCHING TIMES FIGURE 20 — TYPICAL TURN-ON SWITCHING TIMES 




MJ10044 
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FIGURE 23 — TYPICAL INDUCTIVE SWITCHING TIMES 



FIGURE 22 — TYPICAL TURN-ON SWITCHING TIMES 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 


FIGURE 25 — TYPICAL TURN-OFF SWITCHING TIMES 
MJ10041 
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FIGURE 26 — EMITTER-COLLECTOR DIODE 
FORWARD VOLTAGE 
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FIGURE 27 — TYPICAL TURN-OFF SWITCHING TIMES 
MJ10044 




2.5 5.0 10 25 50 100 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 28 — POWER DERATING 
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FIGURE 29 — TYPICAL TURN-OFF SWITCHING TIMES 
MJ10047 
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‘Adjust — V such that Vg^Qffj = 5 0 V except as required for RBSOA 

SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCH- 
MODE power supplies and motor controls, current and 
voltage waveforms are not in phase. Therefore, sepa- 
rate measurements must be made on each waveform 
to determine the total switching time. For this reason, 
the following new terms have been defined. 
t sv = Voltage Storage Time, 90% >B1 t0 10 ° /o 
V CEM 

t^ = Voltage Rise Time, 10-90% Vqem 
tfj = Current Fall Time, 90-10% Iqm 
t t j = Current Tail, 10-2% Icm 
t c = Crossover Time, 10% VqeM t0 10 ° /o 'CM 
An enlarged portion of the inductive switching wave- 


form is shown in Figure 30 to aid on the visual identity 
of these terms. 

For the designer, there is minimal switching loss dur- 
ing storage time and the predominant switching power 
losses occur during the crossover interval and can be 
obtained using the standard equation from AN-222A: 

P SWT = 1/2 vcdcftctf 

In general, t^ + tfj— t c . However, at lower test currents 
this relationship may not be valid. 

As Is common with most switching transistors, resis- 
tive switching is specified at 25°C and has become a 
benchmark for designers. However, for designers of 
high frequency converter circuits, the user-oriented 
specifications which make this a "SWITCHMODE" tran- 
sistor are the inductive switching speeds (t c and t sv ) 
which are guaranteed at 100°C. 



TIME 


FIGURE 31 — THERMAL RESPONSE 



1-569 






MJ10041 , MJ10044, MJ10047 


SAFE OPERATING AREA INFORMATION 

— MJ10041 — 


FIGURE 32 — MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 


FIGURE 33 — MAXIMUM RATED REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 




MJ10044 


FIGURE 34 — MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 35 — MAXIMUM RATED REVERSE-BIAS 
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FIGURE 36 — MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 37 — MAXIMUM RATED REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 
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OVERLOAD CHARACTERISTICS 

■■■ MJ10041 — M . . ■ ■ 


FIGURE 38 — OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 39 — OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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FIGURE 40 — OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 



FIGURE 41 — OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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FIGURE 42 — OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 
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FIGURE 43 — OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transitor: average junction temperature and sec- 
ond breakdown. Safe operating area curves indicate 
Ic — Vqe limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indicate. 

The data of Figures 32, 34, and 36 are based on Tc 
= 25°C; Tj(p|<) is variable depending on power level. 
Second breakdown pulse limits are valid for duty cycles 
to 10% but must be derated when Tq ^ 25°C. Second 
breakdown limitations do not derate the same as ther- 
mal limitations. Allowable current at the voltages shown 
on these figures may be found at any case temperature 
by using the appropriate curve on Figure 28. 

Tj(pk) may be calculated from the data in Figure 31. 
At high case temperatures, thermal limitations will re- 
duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse- 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse-Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable during 
reverse-biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figures 33, 35 and 37 give the 
RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) spec- 
ification given in these figures adequately describes 
transistor capability for normal repetitive operation. 
When short circuit or fault conditions occur, these tran- 
sistor specifications are not always adequate. A speci- 
fication called overload safe operating area (OLSOA) 
has been developed to describe the transistor's ability 
to survive under fault conditions. OLSOA is specified 
under two types of conditions. 

TYPE I OLSOA 

Type I OLSOA applies when maximum collector cur- 
rent is limited and known. A good example is a circuit 
where an inductor is inserted between the transistor 
and the bus, which limits the rate of rise of collector 
current to a known value. If the transistor is then turned 
off within a specified amount of time, the magnitude of 
collector current is also known. Figures 38, 40 and 42 
depict the Type I OLSOA rating for these devices. Max- 
imum allowable collector-emitter voltage versus collec- 


tor current is plotted for several pulse widths. (Pulse 
width is defined as the time lag between the fault con- 
dition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. There- 
fore, with bus voltage and maximum collector current 
known, these figures define the maximum time which 
can be allowed for fault detection and shutdown of base 
drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 44) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe oper- 
ating area. 


TYPE II OLSOA 

Type II OLSOA applies when maximum collector cur- 
rent is not limited by circuit design, but is limited only 
by the gain of the transistor. Therefore, collector current 
does not appear on the Type II OLSOA curve. This curve 
defines a safe region of operation from the information 
that is usually available to the designer. 

This information is normally base drive, bus voltage 
and time. In terms of the OLSOA curve, bus voltage is 
assumed to be worst-case collector-emitter voltage, and 
time is defined to be the same pulse width that was 
described for Type I OLSOA. Using these variables, 
maximum collector-emitter voltage versus base drive 
is plotted for several values of pulse width. A safe region 
of operation is thus determined by the circuit parame- 
ters. Type II OLSOA, as shown in Figures 39, 41 and 43 
are measured in the circuit shown in Figure 45, and 
measurement is made as follows: Base current is ap- 
plied while the collector is open, allowing a highly over- 
driven saturated condition. Next, a stiff voltage source 
is applied to the collector. The rising voltage at the col- 
lector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time 
is the variable on the Type II OLSOA curve. The storage 
time of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA 
is strictly a NON-REPETITIVE rating. It is intended to 
describe the survivability of the transistor during an 
accidental overload and is not intended to describe a 
stress level which can be sustained indefinitely. The 
number of nonrepetitive faults for which OLSOA is de- 
fined for these devices is 100 occurrences. Another 
factor is the form of turn-off bias. For these devices, 
turn-off bias has relatively little effect on its OLSOA 
capability. This observation is valid from Ib 2 = 0 (soft) 
t0 v BE(off) = 5 -° v (stiff). 

OLSOA is subject to the same derating with temper- 
ature as normal FBSOA. The second breakdown de- 
rating curve is applied to the allowable current at any 
given voltage, using the same procedure that is fol- 
lowed with pulsed FBSOA. 
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OVERLOAD SAFE OPERATING TEST CIRCUITS 

FIGURE 44 — OVERLOAD SOA TEST CIRCUIT 
TYPE I (OLSOA) 
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i 
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UJ 
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Notes: 

• Vqe = Vcc + Vbe 

• Adjust pulsed current source 

for desired Iq, t p 


FIGURE 45 — OVERLOAD SOA TEST CIRCUIT 
TYPE II (OLSOA) 
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MJ 10042 
MJ 10045 
MJ 10048 



MOTOROLA 


Designer’s Data Sheet 


25 KVA ENERGY MANAGEMENT SERIES 
SWITCHMODE DARLINGTON TRANSISTORS 
25, 50 and 100 Ampere Operating Current 

These Darlington transistors are designed for industrial service 
under practical operating environments found in switching high 
power inductive loads off 1 20, 230 and 460 Volt lines. 





*Emitter-Collector Diode is a high power diode. 


25, 50, and 100 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

250, 450 and 850 VOLTS 
250 WATTS 


Designer's Data for 
''Worst-Case'' Conditions 

The Designer's Data Sheet permits 
the design of mostcircuitsentirelyfrom 
the information presented. Limit data — 
representing device characteristics 
boundaries — are given to facilitate 
"worst-case" design. 


MAXIMUM RATINGS 


Mechanical Ratings | 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 6-32 Screw) 

(Note 1) 

8.0 

in. -lb 

Lead Torque (Lead to bus with 5 mm Screw) 

(Note 2) 

20 

in. -lb 

Per Unit Weight 

41 

grams 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case, R#jc 


Mica Insulators available as separate items. 

0. 003. thick. Motorola Part Number 1 4CSB1 2387B003, 

Notes: 

1 . A Belleville washer of 0.281" O.D., 0.1 38" I.D., 0.01 3" thick and 43 pounds flat is 
recommended. 

2. The maximum penetration of the screw should be limited to 0.50". 

3. To adapt the collector and emitter terminals to quickconnect terminals, AMP 250 
Series Faston tab P/N 61499-1 is suggested. 

4. The mounting holes of this package are compatible with TO-204 (formerly TO-3) 
mounting holes. 



STYLE 1. 

PIN 1 BASE 

2. EMITTER 

3. COLLECTOR 

4. COLLECTOR 


NOTES’ 

1. DIMENSIONS A AND B ARE DATUMS AND 
T IS BOTH A DATUM SURFACE AND 
SEATING PLANE. 

2. POSITIONAL TOLERANCE FOR MOUNTING 

HOLES: 

1 41^0.25 (o.Qio) ©1 t[a(m)|b(m)1 

3. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5, 1982. 

4. CONTROLLING DIMENSION: INCH 
EXCEPT FOR METRICALLYTHREADED 
INSERTS. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

39.11 

40.13 

1.540 

1.580 

B 

33.93 

34.95 

1.336 

1.376 

C 

- 

20.32 

- 

0.800 

D 

0.68 

0.83 

0.027 

0.033 

E 

8.30 

8.81 

0.327 

0.347 

F 

_ 

4~44 

- 

0 175 

G 

29.67 BSC 

1.168 

BSC 

H 

5 08 BSC 

0.200 

BSC 

J 

0.93 

1.09 

0.037 

0.043 

K 

— 

25.40 

- 

1.000 

L 

2.92 

3.30 

0.115 

0.130 

N 

17.14 

17.39 

0.675 

0.685 

Q 

3.73 

3.88 

0.147 

0.153 

R 

10.41 

10.79 

0.410 

0.425 

S 

5.84 

6.35 

0.230 

0.250 

U 

M5 .8 (MET 

RICTHRD) 

V 

1.27 

1.52 

0.050 

0.060 

w 

4.69 

4.85 

0.185 

0.191 

X 

30.15 BSC 

1.18' 

BSC 


CASE 353-01 
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MAXIMUM RATINGS (Continued) (Tc = 25°C unless otherwise noted.) 


Rating 

Symbol 

MJ10042 

MJ10045 

MJ10048 

Unit 

Collector-Emitter Voltage (l B = 0) 

v CEO 

850 

450 

250 

Vdc 

Collector-Emitter Voltage (R BE = 10 Ohms) 

VCER 

900 

500 

300 

Vdc 

Collector-Base Voltage 

V CB 

900 

500 

300 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Operating (Tq = 1 1 5°C) 

'C(op) 

25 

— 

— 

A 

(T c = 85°C) 

— 

50 

— 


(T c = 85°C) 


— 

— 

100* 


Collector Current — Continuous 

'c 

37.5 

75 

100 

A 

— Peak Repetitive 


75 

150 

300 


— Peak Nonrepetitive 


125 

250 

500 


Base Current — Continuous 

•b 


25 


A 

— Peak Nonrepetitive 



50 



Total Device Dissipation 

Pd 


250 


Watts 

Derate above Tc = 25°C 



2.0 


W/°C 

For 1 -minute overload 



333 


Watts 

Operating Junction and Storage Temperature Range 

T J- T stg 


-55 to +1 50 


°C 

For 1 -minute overload 



-55 to 200 




ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 125 mAdc) 

MJ10042 

MJ10045 

MJ 10048 

v CEO(sus) 

850 

450 

250 

- 

Vdc 

Collector Cutoff Current 
(Vce = Rated Vqb- V BE ( 0 ff) = 1 5 Vdc ) 

(V CE = Rated V CB , V BE(off) - 1 .5 Vdc, T c = 1 50°C) 


•CEV 

- 

2.0 

10 

mA 

Collector Cutoff Current 

(v CE = Rated v CE R. r B e= ion,T C = 1 00° C) 


*CER 

_ 

10 

mA 

Emitter Cutoff Current 
(V EB = 4.0 Vdc, lc = 0) 


•ebo 

— 

350 

mA 


SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figures 32, 34 & 36 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figures 33, 35 & 37 

Overload Safe Operating Area 

OLSOA 

See Figures 38, 39, 40, 41 , 42 & 43 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

— 

2000 

pF 

(V CB = 1 0 Vdc, l E = 0, f tes t = 1 0 kHz) 






(1 ) Pulse Test. Pulse width of 300 n$, duty cycle ^2 0%. 

* This rating is with a 50% duty cycle, and is limited by power dissipation Higher operating currents are allowable at lower duty cycles. 
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ELECTRICAL CHARACTERISTICS (Continued) (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol j Min | Max | Uni7 


ON CHARACTERISTICS (1) 


MJ10042 





DC Current Gain 

h FE 




(l C = 25 Adc, V CE = 5.0Vdc) 


35 

— 


(l c = 25 Adc, V CE = lOVdc) 


40 

— 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l c = 25 Adc, l B = 2.0 Adc) 


— 

2.0 


(l c = 37.5 Adc, l B = 7.5 Adc) 


— 

5.0 


(l C = 25 Adc, l B = 2.0 Adc, T C = 100°C) 


— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) ; 



Vdc 

(lc = 25 Adc, l B = 2.0 Adc) 


— 

3.0 


(l C = 25 Adc, l B = 2.0 Adc, T C = 1 00°C) 


— 

3.0 


MJ10045 

DC Current Gain 

h FE 




(l c = 50 Adc, V CE = 5.0 Vdc) 


50 

— 


<l c = 50 Adc, V C E= 10 Vdc) 


60 

— 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(1C = 50 Adc, l B = 1 .67 Adc) 


— 

2.0 


(lc = 75 Adc, l B = 6.0 Adc) 


~~ 

3.3 


(l C = 50 Adc, l B = 1 .67 Adc, T C = 1 00°C) 



2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 50 Adc, l B = 1 .67 Adc) 


— 

3.0 


(l C = 50 Adc, l B = 1 .67 Adc, T C = 1 00°C) 


— 

3.0 


MJ10048 

DC Current Gain 

h FE 




(l C = 100 Adc, V C E = 5.0 Vdc) 


75 

— 


(1C = 100 Adc, Vce = 10 Vdc) 


90 

— 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 100 Adc, l B = 2.75 Adc) 


— 

2.0 


(l C = 1 00 Adc, l B = 2.75 Adc, T C = 1 00°C) 


— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 



Vdc 

(l C = 100 Adc, l B = 2.75 Adc) 


— 

3.0 


(l C = 100 Adc, l B = 2.75 Adc, T C = 100°C) 


— 

3.0 



(1 ) Pulse Test: Pulse width of 300 ms, duty cycle 2.0%. 
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ELECTRICAL CHARACTERISTICS (Continued) (Tc = 25°C unless otherwise noted) 

Characteristic j Symbol j Min | Typ T~ Max T Unit 


SWITCHING CHARACTERISTICS 


MJ10042 

Resistive Load 

Delay Time 

(V C C = 300 Vdc, l C = 25 A, I B 1 = 2.0 A, 
r B e = io n, tp = 50 n s, 

Duty Cycle ^ 2.0%) 

«d 

— 

0.03 

0.25 

M S 

Rise Time 

Storage Time 

tr 

— 

1.2 

5.0 

ts 

— 

35 

100 

Fall Time 

tf 

— 

8.5 

35 

Inductive Load, Clamped j 

Storage Time 

('CM = 25 A, 

V CEM = 350 V, R B e =10 0, 
lB1 = 2.0 A) 

Tj = 100°C 

l sv 

— 

50 

150 

MS 

Crossover Time 

*c 

— 

20 

60 

Storage Time 

Tj = 25°C 

Isv 

— 

35 

100 

Crossover Time 

tc 

— 

10 

35 

MJ10045 

Resistive Load 

Delay Time 

(V cc = 250 Vdc, l C = 50 A, I B1 - 1 .67 A, 

RgE = 1 0 O, tp = 50 jus, 

Duty Cycle ^ 2.0%) 

td 

— 

0.03 

0.25 

MS 

Rise Time 

tr 

— 

0.9 

3.0 

Storage Time 

ts 

— 

10 

25 

Fall Time 

tf 

— 

3.0 

10 

Inductive Load, Clamped | 

Storage Time 

OCM = 50 A, 

V CEM = 250 V, Rbe =10O. 
»B1 = 1-67 A) 

Tj = 100°C 

tsv 

— 

15 

50 

MS 

Crossover Time 

tc 

— 

4.0 

15 

Storage Time 

Tj = 25°C 

tsv 

— 

10 

25 

Crossover Time 

t C 

— 

277 

10 

MJ10048 

Resistive Load 

Delay Time 

(V cc = 1 50 Vdc, l C = 100 A, I B1 = 2.75 A, 

R B E = 1 0 O, tp = 50 jus, 

Duty Cycle ^ 2.0%) 

_ _ _ _ 

td 


0.035 

0.25 

M s 

Rise Time 

tr 

— 

1.2 

4.0 

Storage Time 

ts 

— 

6.3 

20 

Fall Time 

tf 

— 

2.5 

8.0 

Inductive Load, Clamped | 

Storage Time 

(I C M= 100 A ' 

V CEM = 1 50 V, R bb = 10 O, 
lB1 =2.75 A) 

Tj = 100°C 

tsv 


90 

30 

MS 

Crossover Time 

t c 


3.3 

12 

Storage Time 

Tj = 25°C 

tsv 

— 

6.5 

20 

Crossover Time 

tc 

— 

2.3 

8.0 


C-E DIODE CHARACTERISTICS 


Power Dissipation (l B = 0) 

Pd 

- 

- 

125 

W 

Single Cycle Surge Current(60 Hz) 

•fsm 

- 

- 

250 

Apk 

Forward Voltage (1) 


Vp 




Vdc 

(l F = 25 Adc) 

MJ 10042 


_ 

— 

1.5 


(Ip = 50 Adc) 

MJ10045 


— 

— 

1.5 


(Ip = 100 Adc) 

MJ10048 


— 

— 

2.0 


Reverse Recovery Time (dj/d t = 25 A/ms) 


trr 




MS 

(lp= 25 Adc) 

MJ 10042 


— 

4.0 

12 


(l F = 50 Adc) 

MJ 10045 


— 

3.3 

10 


(Ip = 100 Adc) 

MJ 10048 


— 

2.5 

8.0 


Forward Turn-On Time (Compliance Voltage = 

250 V) 

ton 




MS 

(lp= 25 Adc) 

MJ 10042 



0.3 

1.2 


(l F = 50 Adc) 

MJ 10045 


— 

0.3 

1.0 


(Ip = 100 Adc) 

MJ10048 


- 

1.0 

3.5 



(1) Pulse Test. Pulse width of 300 ^s, duty cycle ^2.0% 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 


MJ10042 
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MJ10045 


FIGURE 9 - DC CURRENT GAIN 
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MJ10048 
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FIGURE 12 - COLLECTOR SATURATION REGION 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 


MJ 10042 

FIGURE 13 - BASE-EMITTER SATURATION VOLTAGE 
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l C , COLLECTOR CURRENT (AMPS) 



0 1 0 2.0 3.0 4 0 5.0 6.0 7 0 8.0 9.0 10 

Vbe. BASE-EMITTER RESISTANCE (OHMS) 


MJ10045 
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MJ 10048 


FIGURE 17 - BASE-EMITTER SATURATION VOLTAGE 
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lC. COLLECTOR CURRENT (AMPS) 


FIGURE 18 - TYPICAL PEAK REVERSE BASE CURRENT 



R B e. BASE-EMITTER RESISTANCE (OHMS) 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

— M J 1 0042 

FIGURE 19 - TYPICAL INDUCTIVE SWITCHING TIMES FIGURE 20 - TYPICALTURN-ON SWITCHING TIMES 
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Rbe. BASE-EMITTER RESISTANCE (OHMS) IQ, COLLECTOR CURRENT (AMPS) 





MJ10045 

FIGURE 21 - TYPICAL INDUCTIVE SWITCHING TIMES FIGURE 22 - TYPICALTURN-ON SWITCHING TIMES 



R B e, BASE-EMITTER RESISTANCE (OHMS) l c , COLLECTOR CURRENT (AMPS) 
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=IGURE 23 — TYPICAL INDUCTIVE SWITCHING TIMES 


FIGURE 24 - TYPICALTURN-ON SWITCHING TIMES 



R B e, BASE-EMITTER RESISTANCE (OHMS) l c . COLLECTOR CURRENT (AMPS) 
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TYPICAL ELECTRICAL CHARACTERISTICS (continued) 


FIGURE 25 -TYPICALTURN-OFF SWITCHING TIMES 



FIGURE 26 - EMITTER-COLLECTOR DIODE 
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FIGURE 27 -TYPICALTURN-OFF SWITCHING TIMES 
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FIGURE 28 - POWER DERATING 



FIGURE 29 -TYPICALTURN-OFF SWITCHING TIMES 
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‘Adjust — V such that Vg£( 0 ff) = 5 0 V except as required for RBSOA 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I b 1 to 10 % VqeM 

t rv = Voltage Rise Time, 10 — 90% Vcem 

tf, = Current Fall Time, 90 — 10% Iqm 

tti = Current Tail, 10 — 2% Icm 

t c = Crossover Time, 1 0% VqEM to ** 0% *CM 

An enlarged portion of the inductive switching waveform 


is shown in Figure 30 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A. 

PSWT = 1/2 vedette)* 

In general, t rv + tf, — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 
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i 


I 


ji 
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FIGURE 30 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 31 - THERMAL RESPONSE 



E R 0JC(t> = r(t) Rfljc 
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SAFE OPERATING AREA INFORMATION 
M J 1 0042 


FIGURE 32 - MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 33 - MAXIMUM RATED REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 



MJ 10045 


FIGURE 34 — MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 
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FIGURE 35 - MAXIMUM RATED REVERSE-BIAS 
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FIGURE 36 - MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



FIGURE 37 - MAXIMUM RATED REVERSE-BIAS 
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OVERLOAD CHARACTERISTICS 


MJ 10042 


FIGURE 38 - OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 39 - OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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FIGURE 40 - OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 
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FIGURE 41 — OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 
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FIGURE 42 - OVERLOAD SAFE OPERATING AREA 
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FIGURE 43 - OVERLOAD SAFE OPERATING AREA 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 32, 34 and 36 are based on Tq = 
25°C; Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for dutycycles to 1 0% but 
must be derated when Tq ^ 25°C. Second breakdown 
limitationsdo not derate the sameasthermal limitations. 
Allowable current at the voltages shown on these fig ures 
may be found at any case temperature by using the appro- 
priate curve on Figure 28. 

Tj(pk) may be calculated from the data in Figure 31. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneouslyduring turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This ca n be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figures 
33, 35 and 37 give the RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA)specifica- 
tion given in these figuresadequatelydescribestransistor 
capabilityfor normal repetitive operation. When short cir- 
cuit or fault conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safe operating area (OLSOA) has been developed to describe 
the transistor's ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 

TYPE I OLSOA 

Type I OLSOA applies when maximum collector current 
is limited and known. Agood example isa circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figures 38, 40 and 42 depict the Type I OLSOA 
rating for these devices. Maximum allowable collector- 


emitter voltage versus collector current is plotted for 
several pulse widths. (Pulse width is defined as the time 
lag between the fault condition and the removal of base 
drive.) Storage time of the transistor has been factored 
into the curve. Therefore, with bus voltage and maximum 
collector current known, these figures define the maxi- 
mum time which can be allowed for fault detection and 
shutdown of base drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 44) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 

TYPE II OLSOA 

Type II OLSOAapplies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 

This information is normally base drive, bus voltage and 
time. In terms of the OLSOAcurve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA, as 
shown in Figures 39, 41 and 43 are measured in the cir- 
cuit shown in Figure 45, and measurement is made as 
follows: Base current is applied while the collector is 
open, allowing a highly overdriven saturated condition. 
Next, a stiff voltage source is applied to the collector. The 
rising voltage at the collector of the transistor triggers a 
delay function. At the end of this delay, base drive is 
removed. The delay time is the variable on the Type II 
OLSOA curve. The storage time of the transistor is thereby 
factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a N 0 N - R E PETITI VE rati ng . It is i ntended to describe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
fa ults for which OLSOA isdefined for these devices is 1 00 
occurrences. Another factor is the form of turn-off bias. 
For these devices, turn-off bias has relatively little effect 
on its OLSOA capability. This observation is valid from 
I B2 = 0 (soft) to V BE ( off ) = 5 V (stiff). 

OLSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 
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MJ10042, MJ10045, MJ10048 


1.3 


OVERLOAD SAFE OPERATING TEST CIRCUITS 

FIGURE 44 — OVERLOAD SOA TEST CIRCUIT 
TYPE I (OLSOA) 




V E E 


L 

500 m F 


1 

500 V " 


J 


V CC 


Notes: 

• Vce = Vqc + Vbe 

• Adjust pulsed current source 

for desired Iq, t p 


FIGURE 45 - OVERLOAD SOA TEST CIRCUIT 
TYPE II (OLSOA) 


Notes: 

• Rep Rate ^ 10 Hz 

• Adjust R1 for desired I 3 

• Pulse delay time at the 

generator determines pulse 
width at the device under test 
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MJ 10050 



MOTOROLA 


Designer’s Data Sheet 


50 KVA SWITCHMODE TRANSISTOR 
50-Ampere Operating Current 

The MJ10050 Darlington transistor is designed for industrial 
service under practical operating environments found in switching 
high power inductive loads off 460-Volt lines. 




* Emitter-Collector Diode is a high power diode. 


50 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

850 VOLTS 
500 WATTS 


Designer's Data for 
"Worst-Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data — 
representing device characteristics 
boundaries — are given to facilitate 
"worst-case" design. 


MAXIMUM RATINGS 


Mechanical Ratings | 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 10-32 Screw) 

(Note 1 ) 

.20 

in. -lb 

Lead Torque (Lead to bus with 1 /4-20 Screw) 

(Note 2) 

20 

in. -lb 

Per Unit Weight 

120 

grams 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case.Rgjc 


0.25 


Mica Insulators available as separate items. 

0.003" thick. Motorola fcart Number 1 4ASB1 2387B001 . 

0. 006. thick. Motorola Part Number 1 4ASB1 2387B002. 

Notes: 

1 . A Belleville washer of 0 472" O.D., 0.205" I D , 0 024" thick and 1 50 pounds flat is 
recommended. 

2. The lead torque should be limited to 20 in. -lb, unsupported to prevent rotation of the 
terminal in the package. The torque may be increased to 50 in -lb if support is used to 
prevent rotation The maximum penetration of the screw should be limitedtoO 75". 




X 

STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. EMITTER 

C 4. COLLECTOR 
j 5. COLLECTOR 


NOTES: 

1. DIMENSION A AND B ARE DATUMS. 

2. GlDlS SEATING PLANE. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 

1+1+0.36 (0.014)®! TlA@[j@1 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

53.09 

53.84 

2.090 

2.120 

B 

55.37 

56.39 

2.180 

2.220 

C 

- 

26.67 

- 

1.050 

0 

6.10 

6.60 

0.240 

0.260 

E 

6.60 

7.11 

0.260 

0.280 

~T 

0.71 

0.81 

0.028 

0.032 

G 

43.3 

BSC 

1.70 

BSC 

TP 

12.57 

12.82 

0.495 

0.505 

j 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92 

19.18 

0.745 

0.755 

~N| 

23.67 

23.93 

0.932 

0.942 

P 

5.08 

5.21 

0.200 

0.205 

~TT~ 

3.53 

3.78 

0.139 

0.149 

~~R~I 

6.76 

7.26 

0.266 

0.286 

s 

14.73 

15.24 

0.580 

0.600 

TP 

5.33 

5.84 

0.210 

0.230 

w 

6.40 

6.65 

0.252 

0.262 

til 

7.37 

7.87 

0.290 

0.310 


CASE 346-01 
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MJ10050 


MAXIMUM RATINGS (Continued) 


Electrical Ratings 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

850 

Vdc 

Collector-Emitter Voltage (R BE = 10 Ohms) 

V CER 

900 

Vdc 

Collector-Base Voltage 

V CB 

900 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Operating, Jq = 1 25°C 

•c 

50 

A 

— Continuous, T q = 25°C 


75 


— Peak Repetitive, Tc = 25°C 


150 


— Peak Nonrepetitive, Tc = 25°C 


250 


Base Current — Continuous 

<B 

50 

A 

— Peak Nonrepetitive 


100 


Total Device Dissipation @ Tq = 25°C 

PD 

500 

Watts 

Derate above 25°C 


4.0 

W/°C 

For 1 -minute overload 


667 

Watts 

Operating Junction and Storage Temperature Range 

T J- T stg 

-55 to +1 50 

°C 

For 1 -minute overload 

-55 to 200 



ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic | Symbol [ Min j Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 250 mAdc, l B = 0) 

v CE0(sus) 

850 

— 

— 

Vdc 

Collector Cutoff Current 

*CEV 




mAdc 

(V CE = 900 Vdc. V B E(off) = 1 5 Vdc) 


— 

— 

2.0 


(V C E = 900 Vdc, V BE(off ) =1.5 Vdc, T c = 1 50°C) 


— 

— 

10 


Collector Cutoff Current 

*CER 

— 

— 

10 

mAdc 

(V C e = 900 Vdc, R BE = 1 0 a T C = 1 00°C) 






Emitter Cutoff Current 

•ebo 

— 

_ 

650 

mAdc 

(V EB = 4.0 Vdc, l C = 0) 







SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figure 1 3 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figure 14 

Overload SOA 

OLSOA 

See Figures 1 6 and 1 7 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 50 Adc, V CE = 5.0 Vdc) 

(l C = 50 A, V C E = 10 V) 

^FE 

35 

40 

- 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 50 A, l B = 4.0 A) 


— 

— 

2.0 


(l C = 75 Adc, l B = 1 5 A) 


— 

— 

5.0 


(l C = 50 Adc, l B = 4.0 A, T C = 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 50 Adc, l B = 4.0 Adc) 


— 

— 

3.0 


(l C = 50 Adc. I B = 4.0 Adc. T c = 100°C) 


— 

— 

3.0 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

4000 

PF 

(V CB = 1 0 Vdc, l E = 0, f t est =10 kHz) 







(1 ) Pulse Test. Pulse width of 300 /is, duty cycle 2.0%. 
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hpE- DC CURRENT GAIN hpE- DC CURRENT GAIN 


MJ10050 


ELECTRICAL CHARACTERISTICS (Continued) (Tc = 25°C unless otherwise noted) 

Characteristic J Symbol j Min 

SWITCHING CHARACTERISTICS 
Resistive Load 


Delay Time 
Rise Time 
Storage Time 
Fall Time 


(V cc = 300 Vdc, l C = 50 A, I B 1 = 4.0 A, 
Rre = 1 o n, tp = 50 / j s, 

Duty Cycle ^ 2.0%) 


Inductive Load, Clamped 

Storage Time 
Crossover Time 
Storage Time CEN 

Crossover Time B1 


dCM = 50 A, 

v C em = 3oo v,R BE =ioa 
I B 1 = 4.0 A) 


Tj = 100°C 
Tj = 25°C 


td 

— 

0.03 

0.25 

MS 


t r 

— 

1.2 

5.0 

MS 


t s 

— 

35 

100 

MS 


tf 

— 

8.5 

35 

MS 




l sv 

— 

50 

150 

MS 


tc 

— 

20 

60 

MS 


*SV 

— 

35 

100 

MS 


t c 

— 

10 

35 

MS 



C-E DIODE CHARACTERISTICS 


(1 ) Pulse Test. Pulse width of 300 n s , duty cycle ^2 0%. 

TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN 


5.0 10 20 

l c . COLLECTOR CURRENT (AMPS) 


FIGURE 2 - DC CURRENT GAIN 


Power Dissipation (|g = 0) 

PD 

- 

- 

250 

W 


Forward Voltage (1) (Ip = 50 A) 

v F 

— 

1.0 

1.5 

V 


< 

8 

_U- 


— 

1.2 

2.0 

V 


Reverse Recovery Time 
(dj/d t = 25 A/ms, Ip = 50 A) 

trr 

— 

4.0 

12 

MS 

1 

Forward Turn-On Time 

(Compliance Voltage = 50 V, Ip = 50 A) 

*on 


0.3 

1.2 

MS 

1 

Single Cycle Surge Current (60 Hz) 

•fsm 

- 

- 

500 

A 




5.0 10 20 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 3 - DC CURRENT GAIN 


FIGURE 4 - COLLECTOR SATURATION VOLTAGE 


_ Vqe = 600 V _ 



l C . COLLECTOR CURRENT (AMPS) 


1C. COLLECTOR CURRENT (AMPS) 






t. TIME ( M s) V B E- BASE-EMITTER VOLTAGE (VOLTS) 


MJ10050 


TYPICAL ELECTRICAL CHARACTERISTICS (continued) 



1.0 2.0 5.0 10 20 50 100 

Iq, COLLECTOR CURRENT (AMPS) 


FIGURE 6 - EMITTER-COLLECTOR DIODE 



q 5 I I 1 I .. 1- LI U I I I I I .. 1. 1 111 I I 

20 5 0 10 20 50 100 200 

l F . FORWARD CURRENT (AMPS) 


TYPICAL SWITCHING CHARACTERISTICS 



TIME 



0 1 0 2 0.5 1 0 2.0 5 0 10 20 50 100 

R BE , BASE-EMITTER RESISTANCE (OHMS) 



1.0 2.0 5.0 10 20 50 100 

l C . COLLECTOR CURRENT (AMPS) 


FIGURE 10 - TYPICAL TURN-OFF SWITCHING TIMES 
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MJ 10050 



•Adjust — V such that V 0 g( o ff) = 5 V except as required for RBSOA (Figure 14). 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% Iri to 1 0 % VcEM 
t rv = Voltage Rise Time, 10—90% Vcem 

tfj = Current Fall Time, 90— 10% Icm 

ttj = Current Tail, 10 — 2% Icm 

t c = Crossover Time, 1 0% VqeM to 1 0% Iqm 

An enlarged portion of the inductive switching waveform 


is shown in Figure 7 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
PSWT=1/2V CC lc(tc>f 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a ''SWITCHMODE'' transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 



V B E- BASE-EMITTER RESISTANCE (OHMS) 


FIGURE 12 - THERMAL RESPONSE 
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POWER DERATING FACTOR (%) | l CM , PEAK COLLECTOR CURRENT (AMPS) 0 Iq. COLLECTOR CURRENT (AMPS) 


MJ10050 


The Safe Operating Area figures shown in Figures 1 3 and 1 4 
are specified for these devices under the test conditions shown. 


FIGURE 13 - MAXIMUM FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 14 — MAXIMUM REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 



0 100 500 900 1000 

V C E- PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 

Tc, CASE TEMPERATURE (°C) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tc = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq&z 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 5. 

Tj(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 4 
gives the RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safe operating area (OLSOA) has been developed to describe 
the transistor's ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 

TYPE I OLSOA 

Type I OLSOA applies when maximum collector current 
is limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 1 6 depicts the Type I OLSOA rating for the 
MJ10050. Maximum allowable collector-emitter voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 
condition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore, 
with bus voltage and maximum collector current known, 

(continued on back page) 
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MJ10050 


OVERLOAD CHARACTERISTICS 


FIGURE 16 - OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 17 - OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 



0 200 500 


850 1000 



0 200 500 850 1000 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


V C E. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 
TYPE I 


Notes: 

• Vqe = Vqc + V BE 

• Adjust pulsed current source 

for desired Iq, t p 



V CC 


^ 6 v ee v 


Notes: 

• Rep Rate ^ 10 Hz 

• Adjust R1 for desired lg 

• Pulse delay time at the 

generator determines pulse 
width at the device under test 


FIGURE 19 — OVERLOAD SOA TEST CIRCUIT 
TYPE II 
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MJ10050 


SAFE OPERATING AREA INFORMATION (continued) 


TYPE I OLSOA (continued) 

Figure 1 6 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 

TYPE II OLSOA 

Type II OLSOA applies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 

This information is normally base drive, bus voltage and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA, as 


shown in Figure 17, is measured in the circuit shown in 
Figure 19, and measurement is made as follows: Base 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied tothe collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOA curve. The storage time 
of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a NONREPETITIVE rating. It is intended to describe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faults for which OLSOA is defined for the MJ10050 is 
100 occurrences. Another factor is the form of turn-off 
bias. For the MJ10050, turn-off bias has relatively little 
effect on its OLSOA capability. This observation is valid 
from l B 2 = 0 (soft) to Vgj=( 0 ff) = 5 V (stiff). 

OLSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 



MJ 10051 
MJ 10052 



MOTOROLA 


Designer’s Data Sheet 


50 KVA HIGH SPEED SWITCHMODE TRANSISTOR 
50-Ampere Operating Current 

The MJ10051 Darlington transistor is designed for industrial 
service under practical operating environments requiring fast 
switching speed for highly efficient systems operating at high 
frequency such as inverters, PWM controllers and other high 
frequency system operating from 460 V lines. 




*Emitter-Collector Diode is a fast recovery, high power diode. 


50 AMPERE 
IMPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

750 and 850 VOLTS 
500 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits the design 
of most circuits entirely from the information 
presented. Limit curves — representing bound- 
aries on device characteristics — are given to 
facilitate "worst case" design. 


MAXIMUM RATINGS 


| MECHANICAL RATINGS [ 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 10-32 Screw) 

(Note 1 ) 

20 

in. -lb 

Lead Torque (Lead to bus with 1 /4-20 Screw) 

(Note 2) 

20 

in. -lb 

Per Unit Weight 

120 

grams 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case,R 0 jc 


Mica Insulators available as separate items. 

0.003" thick. Motorola Part Number B1 2387B001 . 

0. 006. thick. Motorola Part Number B12387B002. 

Notes: 

1 . A Belleville washer of 0.472" O.D., 0.205" I.D., 0.024" thick and 150 pounds flat is 
recommended such as P/N AM125206 available from National Disc Spring Div., 
385 Hillside Ave., Hillside N.J. 07205. 

2. The lead torque should be limited to 20 in. -lb, unsupported to prevent rotation of the terminal 
in the package. The torque may be increased to 50 in. -lb if support is used to prevent 
rotation. The maximum penetration of the screw should be limited to 0.75". 




STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. EMITTER 

4. COLLECTOR 

NOTES: 5 - t0LUCT ° R 

1. DIMENSION A AND B ARE DATUMS. 

2. [T]lS SEATING PLANE. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 

m 0.36 (Q.014)(m)| t| A(m)| B(m)| 

4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

53.09 

53.84 

2.090 

2.120 

B 

55.37 

56.39 

2.180 

2.220 

C 

- 

26.67 

- 

1.050 

D 

6.10 

6.60 

0.240 

0.260 

~E~1 

6.60 

7.11 

0.260 

0.280 

F 

0.71 

0.81 

0.028 

0.032 

G 

43.3 

BSC 

1.70 

BSC 

H 

12.57 

12.82 

0.495 

0.505 

~r 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92 

19.18 

0.745 

0.755 

~iT 

23.67 

23.93 

0.932 

0.942 

p 

5.08 

5.21 

0.200 

0.205 

Q 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

0.266 

0.286 

S 

14.73 

15.24 

0.580 

0.600 

V 

5.33 

5.84 

0.210 

0.230 

w 

6.40 

6.65 

0.252 

0.262 

X 

7.37 

7.87 

0.290 

0.310 
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MJ10051, MJ10052 


MAXIMUM RATINGS (Continued) 


ELECTRICAL RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage M J 1 005 1 

VCEO 

850 

Vdc 

MJ10052 


750 


Collector-Emitter Voltage (R BE = 1 0 Ohms) 

VCER 

900 

Vdc 

Collector-Base Voltage 

V CB 

900 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Operating, Tq = 1 25°C 

*C 

50 

A 

— Continuous, Tq = 25°C 


75 


— Peak Repetitive. Tc = 25°C 


150 


— Peak Nonrepetitive, Tq = 25°C 


250 


Base Current — Continuous 

'B 

50 

A 

— Peak Nonrepetitive 


100 


Total Device Dissipation @ Tc = 25°C 

Pd 

500 

Watts 

Derate above 25°C 


4.0 

W/°C 

For 1 -minute overload 


667 

Watts 

Operating Junction and Storage Temperature Range 

T J- T stg 

-55 to +1 50 

°C 

For 1 -minute overload 


-55 to +200 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic { Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) MJ1 0051 

(l C = 250 m Adc, l B = 0) MJ 1 0052 

v CE0(sus) 

850 

750 

— 

— 

Vdc 

Collector Cutoff Current 

*CEV 




mAdc 

(V CE = 900 Vdc, V BE (off) = 1 -5 Vdc) 


— 

— 

2.0 


(V CE = 900 Vdc, V BE ( 0 ff) = 1 -5 Vdc, T C = 1 50°C) 


— 

— 

10 


Emitter Cutoff Current 

'EBO 

— 

— 

950 

mAdc 

(V EB = 4.0 Vdc, l c = 0) 







SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

- 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

- 

Overload SOA 

OLSOA 

- 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 50 Adc, V CE = 5.0 Vdc) 

(l C = 50 A, V CE = 10 V) 

h FE 

25 

40 

- 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 50 Adc, l B = 5.0 A) 


— 

— 

2.0 


(l C = 75 Adc, l B = 15 A) 


— 

— 

5.0 


(l C = 50 Adc, l B = 5.0 A, T C = 1 00°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(1C = 50 Adc, l B = 5.0 Adc) 


— 

— 

3.0 


(l C = 50 Adc, l B = 5.0 Adc, T C = 100°C) 


— 

— 

3.0 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

4000 

PF 

(Vcb = 1 0 Vdc, l E = 0, f tes t = 1 .0 kHz) 







(1 ) Pulse Test. Pulse width of 300 ^s, duty cycle ^2.0%. 
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ELECTRICAL CHARACTERISTICS (Continued) He = 25°C unless otherwise noted) 

Characteristic | Symbol | Min 

SWITCHING CHARACTERISTICS 
Resistive Load 


Delay Time 
Rise Time 
Storage Time 
Fall Time 


(V C c = 300 Vdc, l C = 50 A, I B1 = 5.0 A, 
v BE(off) = 5 0 v ' tp = 50 MS, 

Duty Cycle ^ 2.0%) 


Inductive Load, Clamped 

Storage Time . 

Crossover Time CM 
Storage Time ^ CE ^ 

Crossover Time 


dCM = 50A, Tj = 100°C 

V CEM = 300 V, V BE(of f) = 5.0 V, 

l B 1=5.0A) Tj = 25°C 


C-E DIODE CHARACTERISTICS 

Power Dissipation (lg = 0) 

Forward Voltage (1 ) (Ip = 50 A) 

Reverse Recovery Time* 

(di/dt = 50 A/fxs, Ip = 50 A, Vbe< off) ~ 5.0 V) 

Forward Turn-On Time 
(Compliance Voltage = 50 V, Ip = 50 A) 

Single Cycle Surge Current (60 Hz) 

Reverse Recovery Current 
(Ip = 50 A, di/dt = 50 A/ m s) 

(1 ) Pulse Test. Pulse width ^ 300 /ns, duty cycle ^2.0% 

* Requires negative base-emitter voltage for fast recovery performance. 


'FSM 

>RM(REC) 


0.03 

0.25 

1.2 

5.0 

3.3 

10 

1.5 

5.0 


5.0 

15 

3.0 

10 

3.5 

10 

1.5 

5.0 


■ 

250 

2.7 

5.0 

0.2 

1.0 

0.1 

1.0 

- 

500 

7.0 

25 


TYPICAL ELECTRICAL CHARACTERISTICS 


DC CURRENT GAIN 


DC CURRENT GAIN 


nasi 


ini 


lC. COLLECTOR CURRENT (AMPS) 

FIGURE 3 - DC CURRENT GAIN 


lC, COLLECTOR CURRENT (AMPS) 

FIGURE 4 - COLLECTOR SATURATION VOLTAGE 


lC. COLLECTOR CURRENT (AMPS) 


Ir, COLLECTOR CURRENT (AMPS) 


[•T»] 








t. TIME ( M s) V BE , BASE-EMITTER VOLTAGE (VOLTS) 
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•Adjust - V such that VgE( 0 ff) = 5V except as required for RBSOA (Figure 14). 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 
t sv = Voltage Storage Time, 90% Ibi to 1 0 % Vqem 
t rv = Voltage Rise Time, 10 — 90% Vcem 
tfj = Current Fall Time, 90 — 10% Icm 
ttj = Current Tail, 10 — 2% Icm 
t c = Crossover Time, 1 0% VqeM t0 1 0% ICM 

An enlarged portion of the inductive switching waveform 


is shown in Figure 7 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
P S WT=1/2V C clc(t C )f 

In general, t rv + tfj = t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


FIGURE 1 1 - PEAK REVERSE BASE CURRENT 



U) to 515 4*0 5JD 6J0 TO to 

VBE(off) BASE-EMITTER VOLTAGE (VOLTS) 



0.5 /us/Div 


1-600 





MJ10051, MJ10052 


The Safe Operating Area figures shown in Figures 1 3 and 1 4 
are specified for these devices under the test conditions shown. 


FIGURE 13 - MAXIMUM FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc— V ce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 1 0% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 5. 

Tj(pk) may be calculated from the data in Figure 20. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


FIGURE 14 — MAXIMUM REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 




0 40 80 120 160 200 

Tc, CASE TEMPERATURE (°C) 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneouslyduring turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 14 
gives the RBSOA characteristics. 


OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occu r, these tra nsistor specifications 
are not always adequate. A specification called overload 
safe operating area (OLSOA) has been developed to describe 
the transistor's ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 

TYPE I OLSOA 

Type I OLSOAapplieswhen maximum collector current 
is limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor isthen turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 1 6 depicts the Type I OLSOA rating for the 
devices. Maximum allowable collector-emitter voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 

(continued on back page) 
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OVERLOAD CHARACTERISTICS 


FIGURE 16 - OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 17 - OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 



Vq£, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 
TYPE I 


Notes: 

• Vqe = Vqc + V BE 

• Adjust pulsed current source 

for desired Iq, t p 



Notes: 

• Rep Rates? 10 Hz 

• Adjust R1 for desired lg 

• Pulse delay time at the 

generator determines pulse 
width at the device under test 


FIGURE 19 - OVERLOAD SOA TEST CIRCUIT 
TYPE II 


H P 214 
Pulse'Gen 
or Equiv 


Ext 

J ln 


j-L 10V/10 M s 
Out 


50 < 
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SAFE OPERATING AREA INFORMATION (continued) 


TYPE I OLSOA (continued) 

condition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore, 
with bus voltage and maximum collector current known, 
Figure 1 6 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 

TYPE II OLSOA 

Type II OLSOA applies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 

This information is normally base drive, bus voltage and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 


determined by the circuit parameters. Type II OLSOA, as 
shown in Figure 1 7, is measured in the circuit shown in 
Figure 19, and measurement is made as follows: Base 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOA curve. The storage time 
of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a NONREPETITIVE rating. It is intended to describe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faults for which OLSOA is defined for the devices are 1 00 
occurrences. Another factor is the form of turn-off bias. 
For the devices, turn-off bias has relatively little effect on 
its OLSOA capability. This observation is valid from l B 2 = 0 
(soft) to Ve E(off ) = 5 V (stiff). 

OLSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 


FIGURE 20 - THERMAL RESPONSE 



10 10 100 
t. TIME (ms) 


10000 
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MOTOROLA 


Designer’s Data Sheet 


50 KVA SWITCHMODE TRANSISTOR 
100-Ampere Operating Current 

The MJ10100 Darlington transistor is designed for industrial 
service under practical operating environments found in switching 
high power inductive loads off 230-Volt lines. 




100 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

450 VOLTS 
500 WATTS 


Designer's Data for 
"Worst-Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data — 
representing device characteristics 
boundaries — are given to facilitate 
"worst-case” design. 


MAXIMUM RATINGS 


Mechanical Ratings | 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 10-32 Screw) 

(Note 1 ) 

20 

in.-lb 

Lead Torque (Lead to bus with 1/4-20 Screw) 

(Note 2) 

20 

in. -lb 

Per Unit Weight 

120 

grams 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case,R0jc 


0.25 


Mica Insulators available as separate items. 

0.003" thick. Motorola Part Number 14ASB1 2387B001 . 

0. 006. thick. Motorola Part Number 1 4ASB1 2387B002. 

Notes: 

1 . A Belleville washer of 0.472" O.D., 0.205" ID, 0.024" thick and 1 50 pounds flat is 
recommended. 

2. The lead torque should be limited to 20 in -lb, unsupported to prevent rotation of the 
terminal in the package. The torque may be increased to 50 in -lb if support is used to 
prevent rotation. The maximum penetration of the screw should be limited toO 75" 




^0^ 


G 

i B 

= 1 

5 


- 1 

L. _ * 




CD 


1/4-20 UNC2B 

' STYLE 1 

PIN 1 BASE 

2 EMITTER 

3 EMITTER 

4 COLLECTOR 

5 COLLECTOR 


NOTES: 

1. DIMENSION A AND B ARE DATUMS. 

2. EOS SEATING PLANE. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 

1 4-] » 0.36 (0.014)(m)| T| A(m)| B(m)| 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

_AJ 

53.09 

53.84 

2.090 

2.120 


55.37 

56.39 

2.180 

2.220 

c 


26.67 

- 

1.050 

D 

6.10 

6.60 

0.240 

0.260 

E 

6.60 

7.11 

0.260 

0.280 

F 

0.71 

0.81 

0.028 

0.032 

~g1 

43.3 

BSC 

1.70 

BSC 

H 

12.57 

12.82 

0.495 

0.505 

J 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92 

19.18 

0.745 

0.755 

N 

23.67 

23.93 

0.932 

0.942 

P 

5.08 

5.21 

0.200 

0.205 

Q 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

0.266 

0.286 

S 

14.73 

15.24 

0.580 

0.600 

V 

5.33 

5.84 

0.210 

0.230 

W 

6.40 

6.65 

0.252 

0.262 

X 

7.37 

7.87 

0.290 

0.310 


CASE 346-01 
MQ-040 AA 
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MAXIMUM RATINGS (Continued) 


Electrical Ratings 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

450 

Vdc 

Collector-Emitter Voltage (R BE = 1 0 Ohms) 

V CER 

500 

Vdc 

Collector-Base Voltage 

VCB 

500 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Operating, T q = 87.5°C 

«C 

100 

A 

— Continuous, Tq = 25°C ! 


150 


— Peak Repetitive, Tq = 25°C 


300 


— Peak Nonrepetitive, Tc = 25°C 


500 


Base Current — Continuous 

•b 

50 

A 

— Peak Nonrepetitive 


100 


Total Device Dissipation @ T^= 25°C 

Pd 

500 

Watts 

Derate above 25°C 


4.0 

W/°C 

For 1 -minute overload 


667 

Watts 

Operating Junction and Storage Temperature Range 

Tj' T stg 

-55 to +1 50 

°C 

For 1 -minute overload 

-55 to +200 



ELECTRICAL CHARACTERISTICS 0c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | UriiT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 250 mAdc, l B = 0) 

v CEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

>CEV 




mAdc 

(V C E = 500 Vdc, V BE(off) =1.5 Vdc) 


— 

— 

2.0 


(V C E = 500 Vdc, V BE ( off) = 1 .5 Vdc, T c = 1 50°C) 


— 

— 

10 


Collector Cutoff Current 

•CER 

— 

— 

10 

mAdc 

(V C E = 500 Vdc, R BE = 10 n, T C = 100°C) 






Emitter Cutoff Current 

•EBO 

— 

— 

650 

mAdc 

(V EB = 4.0 Vdc, l C = 0) 







SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figure 1 3 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figure 14 

Overload SOA 

OLSOA 

See Figures 1 6 and 1 7 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 100 Adc, V CE = 5.0 Vdc) 

(l C = 100 A, V C E= 10 V) 

h FE 

50 

60 

_ 



Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 100 Adc, l B = 3.3 A) 


— 

— 

2.0 


l c = 150 Adc, l B = 12 A) 


— 

— 

3.3 


(l c = 100 Adc, l B = 3.3 A, T c = 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 100 Adc, l B = 3.3 Adc) 


— 

— 

3.0 


(l c = 100 Adc, l B = 3.3 Adc, T c = 100°C) 


— 

— 

3.0 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

4000 

PF 

(V C B = 1 0 Vdc, l E = 0, f tes t = 1 0 kHz) 







(1 ) Pulse Test. Pulse width of 300 ns, duty cycle ^2.0%. 
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ELECTRICAL CHARACTERISTICS (Continued) (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


SWITCHING CHARACTERISTICS 


| Resistive Load j 

Delay Time 

(V CC = 250 Vdc, l C = 100 A, I B1 = 3.3 A, 

R B E = 10 fl, tp = 50 as. 

Duty Cycle ^ 2.0%) 

*d 

— 

0.03 

0.25 

MS 

Rise Time 

tr 

— 

0.9 

3.0 

MS 

Storage Time 

ts 

— 

10 

25 

MS 

Fall Time 

if 

— 

3.0 

10 

MS 

| Inductive Load, Clamped | 

Storage Time 

dCM=100 A, 

v C em = 250 v,r be = ion. 
lB1 =3.3 A) 

Tj = 1 00°C 

tsv 

— 

15 

50 

MS 

Crossover Time 

*c 

— 

4.0 

15 

MS 

Storage Time 

Tj = 25°C 

*SV 

— 

10 

25 

MS 

Crossover Time 

*c 

— 

2.7 

10 

MS 


C-E DIODE CHARACTERISTICS 


Power Dissipation (l B = 0) 

PD 

- 

- 

250 

W 

Forward Voltage (1 ) (Ip = 100 A) 

(l F =200 A) 

V F 

— 

1.1 

1.5 

V 

- 

1.4 

2.0 

V 

Reverse Recovery Time 
(dj/d t = 25 A/ m s, Ip = 100 A) 

trr 

— 

3.3 

10 

MS 

Forward Turn-On Time 
(Compliance Voltage = 250 V, Ip = 1 00 A) 

ion 


0.3 

1.0 

MS 

Single Cycle Surge Current (60 Hz) 

•fsm 

- 

- 

500 

A 


( 1 ) Pulse Test. Pulse width of 300 m s, duty cycle ^2.0%. 


TYPICAL ELECTRICAL CHARACTERISTICS 



5.0 10 20 50 100 200 

1C, COLLECTOR CURRENT (AMPS) 



5.0 10 20 50 100 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 3 — DC CURRENT GAIN 



FIGURE 4 - COLLECTOR SATURATION REGION 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t S v = Voltage Storage Time, 90% Ibi to 10 % Vcem 

t rv = Voltage Rise Time, 10—90% Vcem 

tfj = Current Fall Time, 90—10% Iqm 

ttj = Current Tail, 10—2% Icm 

t c = Crossover Time, 10% Vcem t0 10% Icm 

An enlarged portion of the inductive switching waveform 


is shown in Figure 7 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
PSWT = 1 /2 VcdC^c)* 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


FIGURE 1 1 - PEAK REVERSE BASE CURRENT 



Vbe- BASE-EMITTER RESISTANCE (OHMS) 


FIGURE 12 - THERMAL RESPONSE 
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POWER DERATING FACTOR (%) ^ I l C M- PEAK COLLECTOR CURRENT (AMPS) l C . COLLECTOR CURRENT (AMPS) 
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The Safe Operating Area figures shown in Figures 1 3 and 1 4 
are specified for these devices under the test conditions shown . 


FIGURE 13 - MAXIMUM RATED FORWARD BIAS, 
SAFE OPERATING AREA (FBSOA) 



FIGURE 14 - MAXIMUM RATED REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 
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Vqe. PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 

Tc. CASE TEMPERATURE (°C) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tc = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 5. 

Tj(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 4 
gives the RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safe operating area (OLSOA) has been developed to describe 
the transistor’s ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 

TYPE I OLSOA 

Type I OLSOA applies when maximum collector current 
is limited and known. Agood example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 1 6 depicts the Type I OLSOA rating for the 
MJ10100. Maximum allowable collector-emitter voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 
condition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore, 
with bus voltage and maximum collector current known, 

(continued on back page) 
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I C , COLLECTOR CURRENT (AMPS) 


MJ10100 


OVERLOAD CHARACTERISTICS 


FIGURE 16 - OVERLOAD SAFE OPERATING AREA 



0 100 200 300 400 450 500 

V C e, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 17 - OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 



V C E- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 1 8 - OVERLOAD SOA TEST CIRCUIT 
TYPE I 


Notes: 

• Vce = Vcc + Vbe 

• Adjust pulsed current source 

for desired Iq, t p 




Notes: 

• Rep Rate ^ 10 Hz 

• Adjust R1 for desired lg 

• Pulse delay time at the 

generator determines pulse 
width at the device under test 



| 50 


FIGURE 1 9 - OVERLOAD SOA TEST CIRCUIT 
TYPE II 
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MJ10100 


SAFE OPERATING AREA INFORMATION (continued) 


TYPE I OLSOA (continued) 

Figure 1 6 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 

TYPE II OLSOA 

Type II OLSOAappiieswhen maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 

This information is normally base drive, bus voltage and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA, as 


shown in Figure 17, is measured in the circuit shown in 
Figure 19, and measurement is made as follows: Base 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOAcurve. The storage time 
of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOAis 
strictly a NONREPETITIVE rating. It is intended to describe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faults for which OLSOA is defined for the MJ10100 is 
100 occurrences. Another factor is the form of turn-off 
bias. For the MJ10100, turn-off bias has relatively little 
effect on its OLSOA capability. This observation is valid 
from l B 2 = 0 (soft) to = 5 V (stiff). 

OLSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to theallowablecurrentatanygiven voltage, using 
the same procedure that is followed with pulsed FBSOA. 
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MJ10101 

MJ10102 



MOTOROLA 


Designer’s Data Sheet 


50 KVA HIGH SPEED SWITCHMODE TRANSISTOR 
100-Ampere Operating Current 

The MJ10101 Darlington transistor is designed for industrial 
service under practical operating environments requiring fast 
switching speed for highly efficient systems operating at high 
frequency such as inverters, PWM controllers and other high 
frequency systems operating from 230 V lines. 


Emitter 




*Emitter-Collector Diode is a fast recovery, high power diode. 


100 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

350 and 450 VOLTS 
500 WATTS 


Designer's Data for 
''Worst-Case'' Conditions 

The Designer’s Data Sheet permits 
the design of most circuits entirely .from 
the information presented. Limit data — 
representing device characteristics 
boundaries— are given to facilitate 
"worst-case” design. 


MAXIMUM RATINGS 


Mechanical Ratings | 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 10-32 Screw) 

(Note 1) 

20 

in. -lb 

Lead Torque (Lead to bus with 1 /4-20 Screw) 

(Note 2) 

20 

in. -lb 

Per Unit Weight 

120 

grams 


THERMAL CHARACTERISTICS 


Thermal Resistance. Junction to Case.R^jQ 


Mica Insulators available as separate items. 

0.003" thick. Motorola Part Number B1 2387B001 . 

0.006" thick. Motorola Part Number B12387B002. 

Notes: 

1 . A Belleville washer of 0.472" O.D., 0.205" I.D., 0.024" thick and 150 pounds flat is 
recommended such as P/N AM 125206 available from National Disc Spring Div., 

385 Hillside Ave., Hillside N.J. 07205. 

2. The lead torque should be limited to 20 in. -lb, unsupported to prevent rotation of the terminal 
in the package. The torque may be increased to 50 in. -lb if support is used to prevent 

rotation. The maximum penetration of the screw should be limited to 0.75". 



NOTES: “ " 

1. DIMENSION A AND B ARE DATUMS. 

2. EH) IS SEATING PLANE. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 

El 0.36 (0.014)© 1t|a®)1B(m)1 

4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES j 

MIN 

MAX 

MIN 

rMAX 

A 

53.09 

53.84 

2.090 

2.120 

B 

55.37 

56.39 

2.180 

2.220 

C 

_ 

26.67 

- 

1.050 

D 

6.10 

6.60 

0.240 

0.260 

E 

6.60 

7.11 

0.260 

0.280 

F 

0.71 

0.81 

0.028 

0.032 

G 

43.3 

BSC 

1.70 

BSC 

H 

12.57 

12.82 

0.495 

0.505 

J 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92 

19.18 

0.745 

0.755 

~Nj 

23.67 

23.93 

0.932 

0.942 

P 

5.08 

5.21 

0.200 

0.205 

Q 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

0.266 

0.286 

s 

14.73 

15.24 

0.580 

0.600 

V 

5.33 

5.84 

0.210 

0.230 

W 

6.40 

6.65 

0.252 

0.262 

X 

7.37 

7.87 

0.290 

0.310 
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MJ10101 , MJ10102 


MAXIMUM RATINGS (Continued) 


Electrical Ratings 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage MJ10101 

v CE0 

450 

Vdc 

MJ10102 


350 


Collector-Emitter Voltage (R B E = 1 0 Ohms) 

V CER 

500 

Vdc 

Collector-Base Voltage 

V CB 

500 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Operating, Tq = 87.5°C 

'c 

100 

A 

— Continuous, Tc = 25°C 


150 


— Peak Repetitive, Tq = 25°C 


300 


— Peak Nonrepetitive, Tq = 25°C 


500 


Base Current — Continuous 

•b 

50 

A 

— Peak Nonrepetitive 


100 


Total Device Dissipation @ Tq = 25°C 

Pd 

500 

Watts 

Derate above 25°C 


4.0 

W/°C 

For 1 -minute overload 


667 

Watts 

Operating Junction and Storage Temperature Range 

T J’ T stg 

-55 to +150 

°C 

For 1 -minute overload 

-55 to +200 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic 1 Symbol T" Min F Typ | Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) MJ10101 

(l c = 250mAdc, l B = 0) MJ10102 

v CEO(sus) 

450 

350 

~ 


Vdc 

Collector Cutoff Current 

>CEV 




mAdc 

(V CE = 500 Vdc, V B E(off) = 1 5 Vdc) 


— 

— 

2.0 


(V C e = 500 Vdc, V B E(off) = 1 5 Vdc, T c - 1 50°C) 


— 

— 

10 


Emitter Cutoff Current 

'ebo 

— 

— 

5.0 

mAdc 

(Veb = 4.0 Vdc, Iq = 0) 







SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figure 1 3 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figure 14 

Overload SOA 

OLSOA 

See Figures 16 and 17 


ON CHARACTERISTICS (1) 


DC Current Gain 
(1C = 100 Adc, Vqe = 5.0 Vdc) 

(l C = 100 A, V CE = 10 V) 

h FE 

50 

60 

- 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 100 Adc, l B = 3.3 A) 


— 

— 

2.0 


l c = 150 Adc, l B = 12 A) 


— 

— 

3.3 


(1 c = 100 Adc, l B = 3.3 A. T c = 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 100 Adc, l B = 3.3 Adc) 


— 

— 

3.0 


(l C = 100 Adc, l B = 3.3 Adc, T c = 100°C) 


- 

- 

3.0 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

_ 

4000 

PF 

(V CB = 1 0 Vdc, l E = 0, f tes t = 1 0 kHz) 







(1 ) Pulse Test. Pulse width of 300 ns, duty cycle sS2.0%. 
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MJ10101, MJ10102 


1.3 


ELECTRICAL CHARACTERISTICS (Continued) (Tq = 25°C unless otherwise noted) 


Characteristic 


SWITCHING CHARACTERISTICS 
Resistive Load 

R^se 71^7 1 (V CC = 250 Vdc. I C = 1 00 A. I B 1 - 3.3 A. 

V BE(o ff) = 5.0 V. t p = 50 M s 

ggggag Duty Cycle < 2.0%) 

Fall Time 



Inductive Load, Clamped 


Storage Time 
Crossover Time 
Storage Time 
Crossover Time 


('CM = 100 A, V B E( 0ff ) = 
5.0 V, V C EM = 250 V 
I B 1 = 3.3 A) 


C-E DIODE CHARACTERISTICS 

Power Dissipation (l B = 0) 

Forward Voltage (1 ) (l F = 1 00 A) 

Reverse Recovery Current 

Reverse Recovery Time 

Forward Turn-On Time 
(Compliance Voltage = 250 V, Ip = 100 A) 

Single Cycle Surge Current (60 Hz) 

(1 ) Pulse Test. Pulse width of 300 ms, duty cycle ^2.0%. 


Tj = 100°C 
Tj = 25°C 


(l F = 100 A, 
di/dt = 1 00 A/ m s) 







— 

*SV 

— 

2.5 

7.5 

MS 

x c 

— 

0.8 

3.0 

MS 


tsv 

— 

1.5 

3.75 

MS 


lc 

— 

.. 05 . 

1.5 

MS 



PD 

- 

- 

250 

W 


v f 

- 

1.7 

5.0 

V 


'RM(rec) 

— 

20 

50 

A 


trr 

— 

0.4 

1.0 

MS 


Ion 

— 

0.1 

0.5 

MS 


'fsm 

- 


500 

A 



TYPICAL ELECTRICAL CHARACTERISTICS 


DC CURRENT GAIN 


FIGURE 2 — DC CURRENT GAIN 




Iq, COLLECTOR CURRENT (AMPS) 

FIGURE 3 - DC CURRENT GAIN 


l C . COLLECTOR CURRENT (AMPS) 

FIGURE 4 - COLLECTOR SATURATION REGION 
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MJ10101, MJ10102 


1.3 


TABLE 1 — RBSOA AND INDUCTIVE SWITCHING DRIVER SCHEMATIC 



SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% Igf to 10 % Vcem 

t rv = Voltage Rise Time, 10 — 90% VcEM 

tfj = Current Fall Time, 90 — 10% Iqm 

tti = Current Tail, 10 — 2% Iqm 

t c = Crossover Time, 10% Vcem to 10% Iqm 

An enlarged portion of the inductive switching waveform 


is shown in Figure 7 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
P SWT= 1/2 Vedette)* 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

v BE(off)> BASE-EMITTER V0LTA6E (VOLTS) 


FIGURE 12 - REVERSE RECOVERY WAVEFORM 
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MJ10101, MJ10102 


The Safe Operating Area figures shown in Figures 1 3 and 1 4 
are specified for these devices under the test conditions shown . 


FIGURE 13 - MAXIMUM RATED FORWARD BIAS, 
SAFE OPERATING AREA 



FIGURE 14 — MAXIMUM REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 



0 100 200 300 400 500 600 

V C e, PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 

T C , CASE TEMPERATURE (°C) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc — ^CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tc = 25°C; T j(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 5. 

Tj(pk) may be calculated from the data in Figure 20. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 4 
gives the RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fa ult conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safe operating area (OLSOA) has been developed to describe 
the transistor's ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 

TYPE I OLSOA 

Type I OLSOA applies when maximum collector current 
is limited and known. Agood example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 1 6 depicts the Type I OLSOA rating for the 
MJ1 01 01 . Maximum allowable collector-emitter voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 
condition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore, 
with bus voltage and maximum collector current known, 

(continued on back page) 
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MJ10101, MJ10102 


OVERLOAD CHARACTERISTICS 


FIGURE 16 - OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 17 - OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 



0 100 200 300 400 500 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 
TYPE I 


Notes: 

• V C E = Vcc + V BE 

• Adjust pulsed current source 

for desired Iq, t p 



V CC 


FIGURE 1 9 - OVERLOAD SOA TEST CIRCUIT 
TYPE II 



Notes: 

• Rep Rate ^ 1 0 Hz 

• Adjust R1 for desired lg 

• Pulse delay time at the 

generator determines pulse 
width at the device under test 
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MJ10101, MJ10102 


SAFE OPERATING AREA INFORMATION (continued) 


TYPE I OLSOA (continued) 

Figure 1 6 defines the maximum time which can be allowed 
for fault detection and shutdown of base drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operating 
area. 

TYPE II OLSOA 

Type II OLSOA applies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 

This information is normally base drive, bus voltage and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA. as 


shown in Figure 17, is measured in the circuit shown in 
Figure 19, and measurement is made as follows: Base 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOA curve. The storage time 
of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a NONREPETITIVE rating. It is intended to describe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The numbenof nonrepetitive 
faults for which OLSOA is defined for the MJ10101 is 
100 occurrences. Another factor is the form of turn-off 
bias. For the MJ1 01 01 , turn-off bias has relatively little 
effect on its OLSOA capability. This observation is valid 
from Iq 2 = 0 (soft) to V|3E( 0 ff) = 5 V (stiff). 

OLSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 


FIGURE 20 — THERMAL RESPONSE 



1.0 10 

t, TIME (ms) 
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MJ 10200 



MOTOROLA 


Designer’s Data Sheet 


50 KVA SWITCHMODE TRANSISTOR 
200-Ampere Operating Current 

The MJ10200 Darlington transistor is designed for industrial 
service under practical operating environments found in switching 
high power inductive loads off 120-Volt lines. 


Emitter 




‘Emitter-Collector Diode is a high power diode. 


200 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

250 VOLTS 
500 WATTS 


Designer's Data for 
"Worst-Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data — 
representing device characteristics 
boundaries — are given to facilitate 
"worst-case" design. 


MAXIMUM RATINGS 


Mechanical Ratings | 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 10-32 Screw) 

(Note 1) 

20 

in. -lb 

Lead Torque (Lead to bus with 1 /4-20 Screw) 

(Note 2) 

20 

in.-lb 

Per Unit Weight 

120 

grams 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case.R^jc 


0.25 


°C/W 


Mica Insulators available as separate items. 

0.003" thick. Motorola Part Number 14ASB1 2387B001 . 

0. 006. thick. Motorola Part Number 14ASB1 2387B002. 

Notes: 

1 . A Belleville washer of 0.472" O.D., 0.205" I.D., 0.024" thick and 1 50 pounds flat is 
recommended. 

2. The lead torque should be limited to 20 in. -lb, unsupported to prevent rotation of the 
terminal in the package. The torque may be increased to 50 in. -lb if support is used to 
prevent rotation. The maximum penetration of the screw should be limited to 0.75". 



STYLE 1: 

R PIN 1. BASE 

2. EMITTER 

3. EMITTER 

4. COLLECTOR 

5. COLLECTOR 


NOTES: 

1. DIMENSION A AND B ARE DATUMS. 

2. □□ IS SEATING PLANE. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 

ftl-llO-36 (0.014 )(m)[ t| A(m)| B(m)| 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

~T~ 

53.09 

53.84 

2.090 

2.120 

B 

55.37 

56.39 

2.180 

2.220 

C 

- 

26.67 

- 

1.050 

~U~~ 

6.10 

6.60 

0.240 

0.260 


6.60 

7.11 

0.260 

0.280 

F 

0.71 

0.81 

0.028 

0.032 

G 

43.3 

BSC 

1.70 

BSC 

“TT 

12.57 

12.82 

0.495 

0.505 

~J~ 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92 

19.18 

0.745 

0.755 

N 

23.67 

23.93 

0.932 

0.942 

P 

5.08 

5.21 

0.200 

0.205 

Q 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

0.266 

0.286 

S 

14.73 

15.24 

0.580 

0.600 

V 

5.33 

5.84 

0.210 

0.230 

W 

6.40 

6.65 

0.252 

0.262 

X 

7.37 

7.87 

0.290 

0.310 


CASE 346-01 
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MJ 10200 


MAXIMUM RATINGS (Continued) 


Electrical Ratings 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

Vdc 

Collector-Emitter Voltage (R BE =10 Ohms) 

VCER 

300 

Vdc 

Collector-Base Voltage 

V CB 

300 

Vdc 

Emitter-Base Voltage 

V EB 

8.0 

Vdc 

Collector Current — Operating, Tq = 50°C 

'c 

200 

A 

— Continuous, Tc = 25°C 


300 


— Peak Repetitive, Tq = 25°C 


600 


— Peak Nonrepetitive, Tc = 25°C 


1000 


Base Current — Continuous 

<B 

50 

A 

— Peak Nonrepetitive 


100 


Total Device Dissipation @ Tq = 25°C 

PD 

500 

Watts 

Derate above 25°C 


4.0 

W/°C 

For 1 -minute overload 


667 

Watts 

Operating Junction and Storage Temperature Range 

T J' T stg 

-55 to +150 

°C 

For 1 -minute overload 

-55 to 200 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(l c = 250 mAdc, l B = 0) 

VcEO(sus) 

250 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(V CE = 300 Vdc, V B E(off) = 1 -5 Vdc) 


— 

— 

2.0 


(V C E = 300 Vdc, V BE ( off) = 1 .5 Vdc, T C = 1 50°C) 


— 

— 

10 


Collector Cutoff Current 

•CER 

— 

— 

10 

mAdc 

(V C E = 300 Vdc, R BE = 10 0, T C = 100°C) 






Emitter Cutoff Current 

( EB0 

— 

— 

650 

mAdc 

(V EB = 4.0 Vdc, l C = 0) 







SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figure 1 3 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figure 14 

Overload SOA 

OLSOA 

See Figures 16 and 17 


ON CHARACTERISTICS (1) 


DC Current Gain 

h FE 





(l C = 200 Adc, V C E = 5.0 Vdc) 


75 

— 

— 

— 

(l C = 200 A, V C E= 10 V) 


90 

— 

— 

— 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

(l c = 200 Adc, l B = 5.5 A) 

— 

— 

2.0 


(l C = 200 Adc, l B = 5.5 A, T C = 1 00°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 200 Adc, l B = 5.5 Adc) 

— 

— 

3.5 


(l C = 200 Adc, l B = 5.5 Adc. T C = 100°C) 


— 

— 

3.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

— 

4000 

PF 

(V CB = 1 0 Vdc, l E = 0, f t est - 1 0 kHz) 







<1 ) Pulse Test. Pulse width of 300 n s, duty cycle sS2.0%. 








IRRENT GAIN h FE . DC CURRENT GAIN 


MJ10200 


ELECTRICAL CHARACTERISTICS (Continued) (Tc = 25°C unless otherwise noted) 

Characteristic [ Symbol | Min 

SWITCHING CHARACTERISTICS 
Resistive Load 


Delay Time 
Rise Time 
Storage Time 
Fall Time 


(Vcc = 1 50 Vdc, Ic = 200 A, I B1 = 5.5 A, 
R B e = 1 0 ft, tp = 50 n s, 

Duty Cycle ^ 2.0%) 


Inductive Load, Clamped 

Storage Time 

1 Crossover Time CM 

| Storage Time | CE ^ 

Crossover Time B ' 


dCM = 200 A, 

V C EM = 150 V, R BE = 10 ft, 
lB1 =5.5 A) 


Tj = 100°C 
Tj = 25°C 


C-E DIODE CHARACTERISTICS 


0.035 

0.25 

MS 

1.2 

4.0 

MS 

6.3 

20 

MS 

2.5 

8.0 

MS 


9.0 

30 

MS 

3.3 

12 

MS 

6.5 

20 

MS 

2.3 

8.0 

MS 


(1) Pulse Test. Pulse width of 300 jus, duty cycle ^2 0%. 

TYPICAL ELECTRICAL CHARACTERISTICS 


Power Dissipation (l B = 0) 

PD 

- 

- 

250 

W 


Forward Voltage (1 ) (Ip = 200 A) 

v F 

- 

1.4 

2.0 

V 


Reverse Recovery Time 
(dj/d t = 25 A/mS, Ip = 200 A) 

trr 

— 

2.5 

8.0 

MS 

1 

Forward Turn-On Time 
(Compliance Voltage = 250 V, Ip = 1 00 A) 

ton 

- 

1.0 

3.5 

MS 


Single Cycle Surge Current (f = 60 Hz) 

'FSM 

- 

- 

500 

A 

■ 


FIGURE 1 — DC CURRENT GAIN 


FIGURE 2 - DC CURRENT GAIN 



5.0 10 20 50 100 200 

l C . COLLECTOR CURRENT (AMPS) 


Us: 

warn 


5.0 10 20 50 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 3 - DC CURRENT GAIN 


FIGURE 4 - COLLECTOR SATURATION REGION 





lC, COLLECTOR CURRENT (AMPS) 


l C . COLLECTOR CURRENT (AMPS) 





t. TIME ( M s) V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJ10200 


FIGURE 5 - BASE-EMITTER SATURATION VOLTAGE 


TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

FIGURE 6 - EMITTER-COLLECTOR DIODE 



2.0 5.0 10 20 50 100 200 

l C . COLLECTOR CURRENT (AMPS) 



5.0 10 20 50 100 200 

l F . FORWARD CURRENT (AMPS) 


TYPICAL SWITCHING CHARACTERISTICS 



TIME 


FIGURE 8 - TYPICAL INDUCTIVE SWITCHING TIMES 



0 1 0 2 0.5 1 0 2 0 5 0 10 20 50 100 

R B e. BASE-EMITTER RESISTANCE (OHMS) 



0 03 I I I J — I — 1 — I — LJ I 1 1 1 T-n.I.l J , ■ 1- -i 

2.0 5.0 10 20 50 100 200 


Iq, COLLECTOR CURRENT (AMPS) 


FIGURE 10 - TURN-OFF SWITCHING TIMES 
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*B2{pk)' BASE CURRENT (AMPS) 


MJ10200 



•Adjust — V such that VgEloff) = 5 V except as required for RBSOA (Figure 14). 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tgv = Voltage Storage Time, 90% *B1 to 1 0 % Vqem 

t rv = Voltage Rise Time, 10 — 90% VcEM 

tfj = Current Fall Time, 90—10% Iqm 

ttj = Current Tail, 10—2% Iqm 

t c = Crossover Time, 10% VqeM t0 10% Icm 

An enlarged portion of the inductive switching waveform 


is shown in Figure 7 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
p SWT = 1 /2 Vcclc(tc) f 

In general, t rv + tfj = t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 



R B e. BASE-EMITTER RESISTANCE (OHMS) 


FIGURE 12 - THERMAL RESPONSE 
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POWER DERATING FACTOR (%) I l CM , PEAK COLLECTOR CURRENT (AMPS) l C , COLLECTOR CURRENT (AMPS) 


MJ10200 


The Safe Operating Area figures shown in Figures 1 3 and 1 4 
are specified for these devices under the test conditions shown. 

FIGURE 13 — MAXIMUM RATED FORWARD-BIAS 
SAFE OPERATING AREA (FBSOA) 



0 25 0 5 1 0 2 0 5 0 10 20 50 100 250 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 14 - MAXIMUM RATED REVERSE-BIAS 
SAFE OPERATING AREA (RBSOA) 



0 100 200 300 

V CE , PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 

Tc. CASE TEMPERATU RE (°C) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V qe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 1 0% but must be 
derated when Tq^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 5. 

Tj(pk) may be calculated from the data in Figure 12. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 4 
gives the RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safe operating area (OLSOA) has been developed to describe 
the transistor's ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 

TYPE I OLSOA 

Type I OLSOA applies when maximum collector current 
is limited and known. A good example is a circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the transistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 1 6 depicts the Type I OLSOA rating for the 
MJ10200. Maximum allowable collector-emitter voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 
condition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore, 
with bus voltage and maximum collector current known, 

(continued on back page) 
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MJ10200 


OVERLOAD CHARACTERISTICS 


FIGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 17 - RATED OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 




Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 
TYPE I 


Notes: 

• Vqe = Vqc + v be 

• Adjust pulsed current source 

for desired lc, t p 




Notes: 

• Rep Rate ^ 10 Hz 

• Adjust R1 for desired lg 

• Pulse delay time at the <39 

generator determines pulse ] 

width at the device under test 


FIGURE 1 9 - OVERLOAD SOA TEST CIRCUIT 
TYPE II 


+6 V 

-O 


680 pF 


Mercury Relay 
0. 


ryrr 

lOPush 


J°Pu« 

Ti 


Push 

Test 

111 * — < 

40 V 


500 ^F 
500 V 


V CC 





X10 

Voltage Probe 


H P 214 

j-L 10 V/10 /iS 

. ki ki h 

Pulse Gen 
or Equiv 

i 

“ “ h 


Ext 
J In 




MJE15028 


[2N2322 


V u 


1-626 




MJ 10200 


SAFE OPERATING AREA INFORMATION {continued) 


TYPE I OLSOA (continued) 

Figure 16defines the maximumtime which can be allowed 
for fault detection and shutdown of base drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operati ng 
area. 

TYPE II OLSOA 

Type II OLSOA applies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 

This information is normally base drive, bus voltage and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA, as 


shown in Figure 1 7, is measured in the circuit shown in 
Figure 19, and measurement is made as follows: Base 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOA curve. The storage time 
of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a NONREPETITIVE rating. It is intended to describe 
the survivability of thetransistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faults for which OLSOA is defined for the MJ10200 is 
100 occurrences. Another factor is the form of turn-off 
bias. For the MJ10200, turn-off bias has relatively little 
effect on its OLSOA capability. This observation is valid 
from \ q 2 = 0 (soft) to Vg^f^ = 5 V (stiff). 

OLSOA is subjectto the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 
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MOTOROLA 


Designer’s Data Sheet 


50 KVA HIGH SPEED SWITCHMODE TRANSISTOR 
200-Ampere Operating Current 

The MJ10201 Darlington transistor is designed for industrial 
service under practical operating environments requiring fast 
switching speed for highly efficient systems operating at high 
frequency such as inverters, PWM controllers and other high 
frequency system operating from 1 20 V lines or batteries. 




‘Emitter-Collector Diode is a fast recovery, high power diode. 


200 AMPERE 
NPN SILICON 
POWER DARLINGTON 
TRANSISTOR 

200 and 250 VOLTS 
500 WATTS 


Designer's Data for 
“Worst-Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirelyfrom 
the information presented. Limit data— 
representing device characteristics 
boundaries — are given to facilitate 
"worst-case" design. 


MAXIMUM RATINGS 


Mechanical Ratings | 

Rating 

Value 

Unit 

Mounting Torque (To heat sink with 10-32 Screw) 

(Note 1 ) 

20 

in.-lb 

Lead Torque (Lead to bus with 1 /4-20 Screw) 

(Note 2) 

20 

in.-lb 

Per Unit Weight 

120 

grams 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case.Rgjc 


0.25 | °C/W 


Mica Insulators available as separate items. 

0.003" thick. Motorola Part Number B1 2387B001 . 

0. 006. thick. Motorola Part Number B12387B002. 

Notes: 

1 . A Belleville washer of 0.472" O.D., 0.205" I D., 0.024" thick and 150 pounds flat is 
recommended such as P/N AM125206 available from National Disc Spring Div., 
385 Hillside Ave., Hillside N.J. 07205. 

2. The lead torque should be limited to 20 in.-lb, unsupported to prevent rotation of the terminal 
in the package. The torque may be increased to 50 in.-lb if support is used to prevent 
rotation. The maximum penetration of the screw should be limited to 0.75". 



STYLE 1: 

PIN 1. BASE 

2. EMITTER 

3. EMITTER 

4. COLLECTOR 

NOTES: 5 ' COaECTOR 

1. DIMENSION A AND B ARE DATUMS. 

2. OS SEATING PLANE. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLES: 

HH+o.36 (0.014)® 1t1a@1b@| 

4. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

53.09 

53.84 

2.090 

2.120 

B 

55.37 

56.39 

2.180 

2.220 

m 

- 

26.67 

- 

1.050 

“F 1 

6.10 

6.60 

0.240 

0.260 

E 

6.60 

7.11 

0.260 

0.280 

F 

0.71 

0.81 

0.028 

0.032 

G 

43.3 

BSC 

1.70 

BSC 

“IT 

12.57 

12.82 

0.495 

0.505 

T 

1.52 

1.62 

0.060 

0.064 

K 

9.50 

9.75 

0.374 

0.384 

L 

10.21 

10.46 

0.402 

0.412 

M 

18.92" 

19.18 

0.745 

0.755 

X 

23.67 

23.93 

0.932 

0.942 

nn 

5.08 

5.21 

0.200 

0.205 

Q 

3.53 

3.78 

0.139 

0.149 

R 

6.76 

7.26 

0.266 

0.286 

S 

14.73 

15.24 

0.580 

0.600 

V 

5.33 

5.84 

0.210 

0.230 

w 

6.40 

6.65 

0.252 

0.262 

X 

7.37 

l -7 87 

0.290 

0.310 
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MAXIMUM RATINGS (Continued) 


Electrical Ratings 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage M J 1 0201 

v CEO 

250 

Vdc 

MJ 10202 


200 


Collector-Emitter Voltage (R BE = 10 Ohms) 

V CER 

300 

Vdc 

Collector-Base Voltage 

V CB 

300 

Vdc 

Emitter-Base Voltage 

Veb 

8.0 

Vdc 

Collector Current — Operating. Tc = 50°C 

«C 

200 

A 

— Continuous, Tc = 25°C 


300 


— Peak Repetitive, Tc = 25°C 


600 


— Peak Nonrepetitive, Tc = 25°C 


1000 


Base Current — Continuous 

>B 

50 

A 

— Peak Nonrepetitive 


100 


Total Device Dissipation @ Tc = 25°C 

PD 

500 

Watts 

Derate above 25°C 


4.0 

W/°C 

For 1 -minute overload 


667 

Watts 

Operating Junction and Storage Temperature Range 

T J- T stg 

-55 to +1 50 

°C 

For 1 -minute overload 

-55 to +200 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min j Typ [ Max | Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(l C = 250 mAdc, l B = 0) 

MJ10201 

MJ10202 

v CEO(sus) 

250 

200 

— 

— 

Vdc 

Collector Cutoff Current 


•CEV 




mAdc 

(V CE = 500 Vdc. V BE(off) = 1 .5 Vdc) 



— 

— 

2.0 


(V CE = 500 Vdc, V BE{off) = 1 .5 Vdc, T C = 1 50°C) 



— 

— 

10 


Emitter Cutoff Current 


•ebo 

— 


5.0 

mAdc 

(V EB = 4.0 Vdc, l c = 0) 








SAFE OPERATING AREA 


Second Breakdown Collector Current with Base Forward-Biased 

FBSOA 

See Figure 1 3 

Clamped Inductive SOA with Base Reverse-Biased 

RBSOA 

See Figure 14 

Overload SOA 

OLSOA 

See Figures 1 6 and 17 


ON CHARACTERISTICS (1) 


DC Current Gain 

h FE 





(l C = 200 Adc, V C e = 5.0 Vdc) 


75 

— 

— 


(1C = 200 A, V CE = 10 V) 


90 

— 

— 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lc = 200 Adc, l B = 5.5 A) 


— 

— 

2.0 


(l C = 200 Adc, l B = 5.5 A, T C = 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 200 Adc. I B = 5.5 Adc) 


— 

— 

3.5 


(l c = 200 Adc, l B = 5.5 Adc, T c = 1 00°C) 


— 

— 

3.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

— 

4000 

PF 

(V CB = 1 0 Vdc, l E = 0, ftest = 1 -0 kHz) 







(1 ) Pulse Test. Pulse width of 300 ps, duty cycle s£2.0%. 
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h FE , DC CURRENT GAIN h FE , DC CURRENT GAIN 
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l C , COLLECTOR CURRENT (AMPS) 


In. COLLECTOR CURRENT (AMPS) 











t. TIME ( M s) _ V B E. BASE-EMITTER VOLTAGE (VOLTS) 


MJ10201 , MJ10202 


TYPICAL ELECTRICAL CHARACTERISTICS (continued) 



2.0 5 0 10 20 50 100 200 

l C . COLLECTOR CURRENT (AMPS) 


FIGURE 6 - EMITTER-COLLECTOR DIODE 
FORWARD VOLTAGE 



TYPICAL SWITCHING CHARACTERISTICS 


1.3 


I 



TIME 



2.0 5 0 10 20 50 100 200 

lC. COLLECTOR CURRENT (AMPS) 


FIGURE 8 - INDUCTIVE SWITCHING TIMES 
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MJ10201, MJ10202 



•Adjust — V such that Vg£( 0 ff) = 5 V except as required for RBSOA (Figure 14). 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and motor controls, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% Igl to 10 % VcEM 

t rv = Voltage Rise Time, 10—90% VcEM 

tfj = Current Fall Time, 90—10% Icm 

tti = Current Tail, 10— 2% Iqm 

t c = Crossover Time, 10% VcEM t0 10% Icm 

An enlarged portion of the inductive switching waveform 


is shown in Figure 7 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A. 

P SWT = 1 /2 Vcclc<tc) f 

In general, t rv + tf, — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE'' transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


FIGURE 11 - PEAK REVERSE BASE CURRENT 


FIGURE 12 - REVERSE RECOVERY WAVEFORM 



t rr @ if = 200 A @ \Iqe = -5.0 V 



0.5 /xs/Div 
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The Safe Operating Area figures shown in Figures 1 3 and 1 4 
are specified for these devices under the test conditions shown . 

FIGURE 13 — MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA (FBSOA) 



0 25 0 5 1.0 2.0 5 0 10 20 50 100 250 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 14 - MAXIMUM RATED REVERSE BIAS 
SAFE OPEATING AREA (RBSOA) 




0 40 80 120 160 200 


Tc. CASE TEMPERATURE (°C) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 13 is based on Tc = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 3 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 5. 

Tj(pk) may be calculated from the data in Figure 20. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse-Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse-biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 4 
gives the RBSOA characteristics. 

OVERLOAD SAFE OPERATING AREA 

The forward-bias safe operating area (FBSOA) specifica- 
tion given in Figure 13 adequately describes transistor 
capability for normal repetitive operation. When short cir- 
cuit or fault conditions occur, these transistor specifications 
are not always adequate. A specification called overload 
safe operating area (OLSOA) has been developed to describe 
the transistor's ability to survive under fault conditions. 
OLSOA is specified under two types of conditions. 

TYPE I OLSOA 

Type I OLSOAapplies when maximum collector current 
is limited and known. Agood example isa circuit where an 
inductor is inserted between the transistor and the bus, 
which limits the rate of rise of collector current to a known 
value. If the tra nsistor is then turned off within a specified 
amount of time, the magnitude of collector current is also 
known. Figure 1 6 depicts the Type I OLSOA rating for the 
devices. Maximum allowable collector-emitter voltage 
versus collector current is plotted for several pulse widths. 
(Pulse width is defined as the time lag between the fault 
condition and the removal of base drive.) Storage time of 
the transistor has been factored into the curve. Therefore, 
with bus voltage and maximum collector current known, 

(continued on back page) 
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MJ10201 , MJ10202 


OVERLOAD CHARACTERISTICS 


FIGURE 16 - RATED OVERLOAD SAFE OPERATING AREA 
TYPE I (OLSOA) 


FIGURE 17 - RATED OVERLOAD SAFE OPERATING AREA 
TYPE II (OLSOA) 




V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


VqE' COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 18 - OVERLOAD SOA TEST CIRCUIT 
TYPE I 


Notes: 

• V CE = V CC + V BE 

• Adjust pulsed current source 

for desired Iq, t p 



Notes: 

• Rep Rate ^ 10 Hz 

• Adjust R1 for desired lg 

• Pulse delay time at the 

generator determines pulse 
width at the device under test 



V CC 


FIGURE 19 - OVERLOAD SOA TEST CIRCUIT 
TYPE II 
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MJ 10201, MJ10202 


SAFE OPERATING AREA INFORMATION (continued! 


TYPE I OLSOA (continued) 

Figure 1 6definesthe maximumtime which can be allowed 
for fault detection and shutdown of base drive. 

Type I OLSOA is measured in a common-base circuit 
(Figure 18) which allows precise definition of collector- 
emitter voltage and collector current. This is the same 
circuit that is used to measure forward-bias safe operati ng 
area. 

TYPE I! OLSOA 

Type II OLSOA applies when maximum collector current 
is not limited by circuit design, but is limited only by the 
gain of the transistor. Therefore, collector current does not 
appear on the Type II OLSOA curve. This curve defines a 
safe region of operation from the information that is usually 
available to the designer. 

This information is normally base drive, bus voltage and 
time. In terms of the OLSOA curve, bus voltage is assumed 
to be worst-case collector-emitter voltage, and time is 
defined to be the same pulse width that was described for 
Type I OLSOA. Using these variables, maximum collector- 
emitter voltage versus base drive is plotted for several 
values of pulse width. A safe region of operation is thus 
determined by the circuit parameters. Type II OLSOA, as 


shown in Figure 17, is measured in the circuit shown in 
Figure 19, and measurement is made as follows: Base 
current is applied while the collector is open, allowing a 
highly overdriven saturated condition. Next, a stiff voltage 
source is applied to the collector. The rising voltage at the 
collector of the transistor triggers a delay function. At the 
end of this delay, base drive is removed. The delay time is 
the variable on the Type II OLSOA curve. The storage time 
of the transistor is thereby factored into the rating. 

There are several additional aspects to be considered 
regarding OLSOA. The first consideration is that OLSOA is 
strictly a NONREPETITIVE rating. It is intended to describe 
the survivability of the transistor during an accidental over- 
load and is not intended to describe a stress level which 
can be sustained indefinitely. The number of nonrepetitive 
faultsfor which OLSOA is defined for the devices are 100 
occurrences. Another factor is the form of turn-off bias. 
For the devices, turn-off bias has relatively little effect on 
its OLSOA capability. This observation is valid from Ib 2 = 0 
(soft) to VgE(off) = 5 v (stiff). 

OLSOA is subject to the same derating with temperature 
as normal FBSOA. The second breakdown derating curve is 
applied to the allowable current at any given voltage, using 
the same procedure that is followed with pulsed FBSOA. 


FIGURE 20 - THERMAL RESPONSE 
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PNP 


MJ11011, MJ11013, 
MJ11015 


NPN 


MJ11012, MJ11014, 
MJ11016 




MOTOROLA 


HIGH-CURRENT COMPLEMENTARY 
SILICON TRANSISTORS 

... for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain - hpg = 1000 (Min) @ \q = 20 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistor 

• Junction Temperature to +200°C 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ11011 

MJ11012 

MJ11013 

MJ11014 

MJ11015 

MJ11016 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

90 

120 

Vdc 

Collector-Base Voltage 

V CB 

60 

90 

120 

Vdc 

Emitter-Base Voltage 

V EB 

5 

Vdc 

Collector Current 

•c 

30 

Adc 

Base Current 

*B 

1 

Adc 

Total Device Dissipation @ Tq = 25°C 
Derate above 25°C @ Tq = 100°C 

PD 

200 

1.15 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj'^stg 

-55 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.87 

°C/W 

Maximum Lead Temperature for 
Soldering Purposes for <10 Seconds. 


275 

°C 



30 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

60-120 VOLTS 
200 WATTS 




STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 


MIN 

MAX 

MIN 

EE39 

A 

_ 

39,37 

_ 

■HTIil 

B 

_ 

21.08 

_ 

BflESTtl 

C 

6.35 

7.62 

0.250 

mm* 

D 

0.97 

1.09 

0.038 

BIEM 

E 

1.40 

1.78 

0.055 


F 

29.90 

30.40 

1.177 

KBEB 

G 

10.67 

11.18 

0.420 

miti 

nr 

5.33 

5.59 

0.210 

tolw 1 

j 

16.64 

17.15 

0.655 

WMim 

K 

11.18 

12.19 

0.440 

om 

Q 

3.81 

4.19 

0.150 

■ullifii 

R 

- | 

26.67 

_ 

BTiVfil 

U 

2.54 

3.05 

0.100 

EBB 


NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED T0-3 OUTLINE SHALL APPLY. 
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PNP NPN 
MJ 11017 MJ11018 
MJ 11019 MJ 11020 
MJ11021 MJ 11022 



MOTOROLA 


COMPLEMENTARY DARLINGTON 
SILICON POWER TRANSISTORS 

. . . designed for use as general purpose amplifiers, low frequency 
switching and motor control applications. 

• High dc Current Gain @10 Adc — hp£ = 400 Min (All Types) 

• Collector-Emitter Sustaining Voltage 

VCEO(sus)= 150 Vdc (Min) — MJ1 1018, 17 
= 200 Vdc (Min) — MJ1 1 020, 1 9 
= 250 Vdc (Min) — MJ1 1 022, 21 

• Low Collector-Emitter Saturation 

VCE(sat) = 1 .0 V (Typ) @ l C = 5.0 A 
= 1.8 V (Typ) @ l C = 1 0 A 

• Monolithic Construction 

• 1 00% SOA Tested @ Vqe = 44 V, l C = 4.0 A, t = 250 ms. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ11018 

MJ11017 

MJ11020 

MJ11019 

MJ11022 

MJ11021 

Unit 

Collector-Emitter Voltage 

v CEO 

150 

200 

250 

Vdc 

Collector-Base Voltage 

V CB 

150 

200 

250 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — 

•c 


15 


Adc 

Continuous Peak 



30 



Base Current 

<B 

0.5 

Adc 

Total Device Dissipation @ Tq = 25°C 

Pd 


175 


Watts 

Derate Above 25°C 



1.16 


W/°C 

Operating and Storage Junction 

Tj 


-65 to +175 


°C 

Temperature Range 

T stg 


-65 to +200 


°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.86 

°C/W 


(1) Pulse Test: Pulse Width 5.0 ms, Duty Cycled 10% 



15 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

150, 200, 250 VOLTS 
1 75 WATTS 




STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

_ 

1.550 

8 

_ 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

_ 

26.67 

_ 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


CASE 1-04 

NOTES: 

1. ALL RULES AND NOTES ASSOCIATED WITH 
REFERENCED TO-3 OUTLINE SHALL APPLY. 
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MJ11017, MJ11019, MJ11021 PNP, MJ11018, MJ11020, MJ11022 NPN 


ELECTRICAL CHARACTERISTICS (T c - 25°C Unless Otherwise Noted) 

Characteristics | Symbol | Min [ Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(l C = 0.1 Adc, l B = 0) MJ11017, MJ11018 

MJ1 1019, MJ1 1020 

MJ11021, MJ11022 

VCEO(sus) 

150 

200 

250 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C E = 75 ' 'B = °) 

MJ11017, MJ11018 


— 

1.0 


(V CE = 100, l B = 0) 

MJ11019, MJ11020 


— 

1.0 


(V CE =125, l B = 0) 

MJ11021, MJ11022 


— 

1.0 


Collector Cutoff Current 


'CEV 



mAdc 

(Vc E = Rated Vcb- v BE(off) = 1 5 Vdc ) 


— 

0.5 


(V CE = Rated V CB , V BE(off) = 1 .5 Vdc, Tj = 1 50°C) 

i 

— 

5.0 


Emitter Cutoff Current 


'ebo 

— 

2.0 

mAdc 

(V BE = 5.0 Vdc, l C = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(l c = 10 Adc, V CE = 5.0 Vdc) 

(l c = 1 5 Adc, V CE = 5.0 Vdc) 

hFE 

400 

100 

15,000 


Collector-Emitter Saturation Voltage 
(l c = 10 Adc, l B = 100 mA) 

(l c = 15 Adc, l B = 150 mA) 

v CE(sat) 

- 

2.0 

3.4 

Vdc 

Base-Emitter On Voltage 
l C = 10 A, V CE = 5.0 Vdc) 

v BE(on) 


2.8 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 15 Adc, Ib = 150 mA) 

v BE(sat) 

— 

3.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Magnitude of Common Emitter Small Signal Short Circuit 

Forward Current Transfer Ratio 
(1C = 1 0 Adc, Vq E = 3.0 Vdc, f = 1 .0 MHz) 

[hfel 

3.0 



Output Capacitance 

Cob 



PF 

(V C b= 10 Vdc, l E = 0, f = 0.1 MHz) 





MJ11018, MJ11020, MJ11022 


— 

400 


MJ11017, MJ11019, MJ11021 

I 

. 

— 

600 


Small-Signal Current Gain 

h fe 

100 

— 

— 

(l c = 1 0 Adc, V CE = 3.0 Vdc, f = 1 .0 kHz 






SWITCHING CHARACTERISTICS 


Characteristics 

Symbol 

Typical 

Unit 

NPN 

PNP 

Delay Time 

(V C c= 100 V, lc= 10 A, l B = 100 mA 
v BE(off) = 5 0 v > < See Figure 2.) 

td 

150 

75 

ns 

Rise Time 

tr 

1,2 

0.5 

MS 

Storage Time 

ts 

4.4 

2.7 

MS 

Fall Time 

tf 

— Toro — 

2.5 

MS 


(1 (Pulsed Test Pulse Width = 300 ms, Duty Cycle ^ 2% 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



For NPN test circuit reverse diode and voltage polarities. 
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MJ11017, MJ11019, MJ11021 PNP, MJ11018, MJ11020, MJ11022 NPN 


1.3 


FIGURE 3 - THERMAL RESPONSE 



t, TIME (ms) 


FIGURE 4 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA (FBSOA) 



3.0 5.0 7.0 10.0 20.0 30.0 50.0 70.0 100 150 200 

V CE , COLLECTOR — EMITTER VOLTAGE (VOLTS) 


FORWARD BIAS 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second break- 
down. Safe operating area curves indicate lc Vce limits of the 
transistor that must be observed for reliable operation; i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 4 is based on Tj(pk) - 1 75°C; Tc is vari- 
able depending on conditions. Second breakdown pulse limits 
are valid forduty cycles to 1 0% provided Tj(pk)< 1 75°C. Tj( p k) 
may be calculated from the data in Figure 3. At high case tem- 
peratures, thermal limitations will reduce the powerthatcan 
be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 5 - MAXIMUM RBSOA, REVERSE BIAS 
SAFE OPERATING AREA 


REVERSE BIAS 

For inductive loads, high voltage and high current must be 
sustained simultaneously during turn-off, in most cases, with 
the base to emitter junction reverse biased. Under these con- 
ditions the collector voltage must be held to a safe level at or 
below a specific value of collector current. This can be accom- 
plished by several means such as active clamping, RC snub- 
bing, load line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and represents 
the voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 5 gives 
RBSOA characteristics. 


0 20 60 100 140 180 220 260 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



1-640 











NPN PNP 

MJ11028 MJ 11029 
MJ11030 MJ11031 
MJ11032 MJ11033 



MOTOROLA 


HIGH-CURRENT COMPLEMENTARY 
SILICON TRANSISTORS 

... for use as output devices in complementary general purpose 
amplifier applications. 

• High DC Current Gain — hpE = TO 00 (Min) @ Iq = 25 Adc 

hpE = 400 (Min) @ Iq = 50 Adc 

• Curves to 100 A (Pulsed) 

• Diode Protection to Rated Iq 

• Monolithic Construction with Built-In Base-Emitter Shunt Resistor 

• Junction Temperature to +200°C 


MAXIMUM RATINGS 



MJ11028 

MJ11030 

MJ11032 


Rating 

Symbol 

MJ11029 

MJ11031 

MJ11033 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

90 

120 

Vdc 

Collector-Base Voltage 

V CB 

60 

90 

120 

Vdc 

Emitter-Base Voltage 

< 

m 

03 

5 

Vdc 

Collector Current— Continuous 

'c 


50 


Adc 

Peak 

'CM 


100 



Base Current— Continuous 

>B 


Adc 

Total Power Dissipation @ Tq = 25°C 

PD 


300 


Watts 

Derate above 25°C @ Tq = 100°C 



1.71 


W/°C 

Operating and Storage Junction 

T J< T stg 

- 

55 to +200 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Maximum Lead Temperature for 

Soldering Purposes for < 1 0 seconds 


275 

°C 

Thermal Resistance Junction to Case 

Rfljc 

0.584 

°C 

! J 



50 AMPERE 

COMPLEMENTARY SILICON 
DARLINGTON 
POWER TRANSISTOR 

60-120 VOLTS 
300 WATTS 


1 1 



1 

1 1 


J L 


l e 

SEATING S 
PLANE 




J — 





R 

L 1 

n J 

sn 

H ^ d 


f \J 

Lj 


STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIM 

ETERS 

■ffiBl 

MIN 

MAX 

MIN 

■■'.HI 

A 

38.35 

39.37 

1.510 

HS1 

B 

19.30 

21.08 

0.760 

M'lMl 

C 

6.35 

7.62 

0.250 


iMiW 

1.45 

1.60 

0.057 

0.063 I 

E 

- 

mtvt 

- 

■30 

F 

29.90 

30.40 

1.177 

1.197 i 

in 

10.67 

11.18 

0.420 

0.440 

in 

KOI 

■ill 

BEU 

■■wa 

j 

16.64 

inn 



K 

nun 

KEXEI 

d?!'l 

■so 

0 

■Til 

■n 

■ini 

dm 

u 

:RJTE1 

IUTVI 




CASE 197-01 

(TO-3 Except Pin Diameter) 
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DC CURRENT GAIN 1 C . COLLECTOR CURRENT (AMP) 


MJ11028, MJ11030, MJ11032 IMPN/ MJ11029, MJ11031, MJ11033PNP 


ELECTRICAL CHARACTERISTICS (T Q = 25°C unless Otherwise noted.) 

| Characteristic [ Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(l C = 100 mAdc, l B = 0) MJ1 1028 MJ1 1029 

MJ11030 MJ11031 

MJ11032 MJ11033 

bv ceo 

60 

90 

120 

- 

Vdc 

Collector-Emitter Leakage Current 

•CER 



mAdc 

(V CE = 60 Vdc, R B e = 1 •< ohm) MJ1 1028 MJ1 1029 


- 

2 


(V CE = 90 Vdc, R BE = 1 k ohm) MJ1 1030 MJ1 1031 


- 

2 


(V CE = 120 Vdc, R BE = 1 kohm) MJ11032 MJ11033 


- 

2 


(V CE = 60 Vdc, R BE = 1 k ohm, T C = 150°C) MJ11028 MJ11029 


- 

10 


(V C E =90 Vdc, R B e = 1 k ohm,T c = 150 o C) MJ11030 MJ11031 


- 

10 


(V C E = 120 Vdc, R BE = 1 k ohm, Tq = 1 50°C) MJ11032 MJ11033 


- 

10 


Emitter Cutoff Current 

•ebo 

- 

5 

mAdc 

(V BE = 5 Vdc, l c =0) 





Collector-Emitter Leakage Current 

>CEO 

- 

2 

mAdc 

(V CE = 50 Vdc, l B =0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 25 Adc, V C E = 5 Vdc) 

(l C = 50 Adc, Vq E = 5 Vdc) 

hFE 

1 k 

400 

18 k 


Collector-Emitter Saturation Voltage 

VcE(sat) 



Vdc 

(1C = 25 Adc, l B = 250 mAdc) 


- 

2.5 


(1C = 50 Adc, 1 B = 500 mAdc) 


- 

3.5 


Base-Emitter Saturation Voltage 

VBE(sat) 



Vdc 

0c = 25 Adc, l B = 200 mAdc) 


- 

3.0 


(lc = 50 Adc, l B = 300 mAdc) 


- 

4.5 



(1 ) Pulse Test: Pulse Width < 300 yus, Duty Cycle < 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



FIGURE 3 - DC CURRENT GAIN 



There are two limitations on the power-handling ability 
of a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate lc _ VcE °* the 

transistor that must be observed for reliable operation, i.e., 
the transistor must not be subjected to greater dissipation 
than the curves indicate. 

The data of Figure 2 is based on Tj(pk) = 200°C; Tc is 
variable depending on conditions. At high case temperatures, 
thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second break- 
down. 


FIGURE 4 - "ON" VOLTAGE 
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MJ12002 



MOTOROLA 


Designers Data Sheet 


HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in large screen color deflection 
circuits. 

• Collector-Emitter Voltage — 

VCEX = 1500 Volts 

• Glassivated Base-Collector Junction 

• Forward Bias Safe Operating Area @ 50 jxs = 1 5 A, 300 V 

• Switching Times with Inductive Loads — 

tf = 0.65 ns (Typ) @ l c = 2.0 A 


2.5 AMPERE 
NPN SILICON 
POWER TRANSISTOR 

1500 VOLTS 
75 WATTS 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO< sus ) 

750 

Vdc 

Collector-Emitter Voltage 

V CEX 

1500 

Vdc 

Emitter-Base Voltage 

v EBO 

5.0 

Vdc 

Collector Current — Continuous 

•c 

2.5 

Adc 

Base Current — Continuous 

•b 

2.0 

Adc 

Emitter Current — Continuous 

Ie 

4.5 

Adc 

Total Power Dissipation @ Tq = 25°C 

pd 

75 

Watts 

@T C = 100°C 


30 

Watts 

Derate above 25°C 


0.6 

W/°C 

Operating and Storage Junction 

Temperature Range 

T J- T stg 

-65 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.67 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/8" from Case for 5 Seconds 

Tl 

275 

°C 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



2 m IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

| » 1 >.1310.005)© 1 T ] V©1 

FOR LEADS. 

f ♦ | 1-13(0 005) ©T ] V©| 0©| 

4 DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973, 


STYLE 1 
PIN I 8ASE 
2 EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 1 MAX 

MIN 

MAX 

A 

- 39 37 

- 

1 550 

B 

- 21 08 

- 

0.830 

C 

6.35 7 62 

0.250 

0 300 

D 

0 97 1 09 

0 038 

0 043 

E 

1 40 1 1 78 

0 055 

0 070 

F 

30.15 BSC 

1 18 

BSC 

G 

1092 BSC 

0 430 BSC 

H 

5 46 BSC 

0.21 

BSC 

J 

16 89 BSC 

0.66 

BSC 

K 

11 18 

12 19 

0 440 

0 480 

Q 

3 81 

4.19 

0150 

0 165 

R 

- 

26 67 


1 050 

U 

4 83 

5 33 

0 190 

0210 

V 

3 81 

4 19 

0 150 

0 165 


1-644 






MJ12002 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol j Min [ Typ } Max | Unit \ 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(Ip = 50 mAdc, l B = 0) 

VCEO(sus) 

750 

“ 

- 

Vdc 

Collector Cutoff Current 

(Vp E = 1500 Vdc, V BE * 0) 

>CES 

~ 

~ 

1.0 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc. I C = 0) 

'EBO 

~ 

- 

0.1 

mAdc 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(Ip = 2.0 Adc,»l B = 1.8 Adc) 

v CE(sat) 

- 

- 

5.0 

Vdc 

Base-Emitter Saturation Voltage 
(Ip = 2.0 Adc, l B = 1.8 Adc) 

v BE(sat) 

— 


1.5 

Vdc 

Second Breakdown Collector Current with 
Base-Forward Biased 

*S/B 


See Figure 14 


- 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

(Vp B = 10 Vdc, l E = 0, f = 0.1 MHz) 

c ob 

- 

50 

- 

pF 

Current Gain — Bandwidth Product (1) 

(Ip = 0.1 Adc, V CE = 5.0 Vdc, f test = 1 .0 MHz) 

*T 

— 

4.0 

- 

MHz 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 




MS 

(Ip = 2.0 Adc, I B1 =i.o Adc, 


_ 

0.65 

1.0 


L b = 12mH, See Figure 1) 







(1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycle = 2%. 


FIGURE 1 - TEST CIRCUIT 


Common 
2500 p 

5.0 W 


Capacitor values in mF 
resistors are V* watt 



>C 

L 

C 

0.75 A 

4.25 mH 

.003 mF 

1.5 

2.18 mH 

.006 mF 

2.0 

1.6 mH 

.008 mF 


Common + 125 V 


DRIVER TRANSFORMER <T1 ) 

Motorola part number 25D68782A-05-1/4" laminate "E" iron 
core. Primary Inductance — 39 mH. Secondary Inductance— 22 mH, 
Leakage Inductance with primary shorted — 2.0 mH, Primary 260 
turns #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 
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MJ12002 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from the 
fact that good saturation of the output device, prior to 
turn-off, must be assured. This is accomplished by pro- 
viding more than enough I b 1 to satisfy the lowest gain 
output device hp^ at the end of scan Iqm- Worst case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lg is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables (IciVh lB1» an d hpE at I CM)- 
One method is to plot fall time as a function of Lb, at the 
desired conditions, for several devices within the hp{= 
specification. A more informative method is to plot power 
dissipation versus I b 1 for a range of values of Lb as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low I Bl) is caused by saturation losses. The positive 
slope portion at higher Iqi , and low values of Lb is due to 
switching losses as described above. Note that for very low 
Lb a very narrow optimum is obtained. This occurs when 
I B 1 h FE = iCM. and therefore would be acceptable only 
for the "typical" device with constant IqM- a s Lb is in- 
creased, the curves become broader and .flatter above the 
I B 1 h FE = iCM point as the turn-off "tails" are brought 
under control. Eventually, if Lb is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpp, essen- 
tially moves the curves to the left or right according to the 
relation Ibi hFE = constant. It then becomes obvious 
that, for a specified Iqm, an Lb can be chosen which will 
give low dissipation over a range of hpE and/or Igl-The 
only remaining decision is to pick I Bl high enough to 
accommodate the lowest hpp part specified. Figure 8 
gives values recommended for Lb and Ibi for this device 
over a wide range of Iqm. These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lb nor Ibi are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are pro- 
vided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 


'c 


(time) 


(time) 



TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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Pin, INPUT POWER (WATTS) P in , INPUT POWER (WATTS) 


MJ12002 



0 0.1 0.2 0.3 0.4 

lei, BASE CURRENT (AMP) 



0.4 0.6 0.8 1.0 1.2 

IB1, BASE CURRENT (AMP) 


FIGURE 5 - OPTIMIZING DRIVE @ lc = 1.5 A 



IB1.BASE CURRENT (AMP) 


FIGURE 7 - SWITCHING BEHAVIOR versus 
TEMPERATURE 



Tq, CASE TEMPERATURE (°C) 



0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 


ICM. COLLECTOR CURRENT (AMP) ICM. COLLECTOR CURRENT (AMP) 

















MJ 12003 



MOTOROLA 


HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in CRT deflection circuits. 

• Collector-Emitter Voltage — VcEX = 1500 Volts 

• Glassivated Base-Collector Junction 

• Forward Bias Safe Operating Area @ 50 /J$ = 20 A, 300 V 

• Switching Times with Inductive Loads — 

tf = 0.5 /is (Typ) @ lc = 3.0 A 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

750 

Vdc 

Collector-Emitter Voltage 

■QsOQl 

1500 

Vdc 

Emitter-Base Voltage 

v EBO 

5.0 

Vdc 

Collector-Current — Continuous 

•c 

4.0 

wm 

Base Current — Continuous 

>B 

3.0 

Adc 

Emitter Current — Continuous 

'E 

7.0 

Adc 

Total Power Dissipation @ Tc = 25°C 

Pd 

100 

Watts 

T c = 100°C 


40 

Watts 

Derate above 25°C 


0.8 

W/°C 

Operating and Storage Junction Temperature Range 

T J< T stg 

-65 to + 1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R rtJC 

1 25 

°C/W 

Maximum Lead Temperature for Soldering Purposes 
1/8” from Case for 5 Seconds 

t l 

275 

°c 



4 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

* 1500 VOLTS 
100 WATTS 



FIGURE 1 - TEST CIRCUIT 



NOTES 

1. DIMENSIONS Q AND V ARE DATUMS 

2. GD IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q: 

[ » 1 ^.13 (0.005) (m) 1 T 1 V (g) I 

FOR LEADS: 

[ + 1 »■ 13 (0.005) ®T | V© | Q($ 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7,62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.1 

BSC 

1.187 BSC 

“cn 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

j 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 




MJ 12003 



ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic Symbol 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(1C = 50 mAdc, l B = 0) 


Collector Cutoff Current 

(Vce = 1500 Vdc, V BE = 0) 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, I C = 0) 


ON CHARACTERISTICS (1) 



Collector-Emitter Saturation Voltage 
(l C = 3.0 Adc, l B = 1.2 Adc) 

v CE(sat) 

- 

- 

5.0 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 3.0 Adc, l B = 1.2 Adc) 

v BE(sat) 

— 

— 

1.5 

Vdc 

Second Breakdown Collector Current with Base Forward Biased 

'S/b 

See Figure 5 

- 


DYNAMIC CHARACTERISTICS 

































MOTOROLA 


MJ 12004 
MJH12004 


5.0 AMPERE 


HORIZONTAL DEFLECTION TRANSISTOR 


NPN SILICON 
POWER TRANSISTORS 


. . . specifically designed for use in large screen color deflection 
circuits. 


1500 VOLTS 
1 00 WATTS 


Collector-Emitter Voltage — Vq^x = 1500 Vdc 

Glassivated Base-Collector Junction 

Safe Operating Area @ 50 jus = 20 A, 400 V 

Switching Times with Inductive Loads — 
tf = 0.4 jus (Typ) @ Iq = 4.5 A 


MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter Base Voltage 
Collector Current — Continuous 
Base Current — Continuous 
Emitter Current — Continuous 

Total Power Dissipation @ Tq = 25°C 
@ T C = 100°C 

Derate above 25°C 
Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 


Symbol 

v CEO(sus) 

V CEX 

_VEB_ 

*C 

[ B 

- 


MJ12004 

MJH12004 

750 

1500 

5.0 

eTo ’ 

4.0 

9.0 

100 

40 

0.8 

-65 to +150 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.25 

°C/W 

Maximum Lead Temperature for Soldering 


275 

°C 



PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 


1 DIMENSIONS Q AND V ARE DATUMS 

- 2 m ISSEATING PLANE AND DATUM 

- 3 POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q 

! f ♦ 1 >13(0005)0 1 T 1 V© | 

FOR LEADS 

; 1 + 1 » 13(0005)©T | VQ| Q©~[ 


CASE 1-05 
TO-204AA 
(Formerly TO-3) 


Purposes: 1/8" from Case for 5 Seconds 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the 
information presented. Limit data — representing device characteristics boundaries — are 
given to facilitate "worst case” design. 


C B — 

1 

-Q 

1 Y wr* 

i=rr 

A | 

li 

II 


“i 

K 

J —1 1 

G-+-— 

1— D 



MILLIMETERS INCHES 
DIM MIN MAX ~MIN MAX 

A 20 32 21 08 0 800 0 830 

8 1549 1590 0610 0626 

C 4 19 S 08 0 165 0 200 

0 1 02 1 65 0 040 0 065 

E 135 1 65 0 053 0 065 

G 5 21 5 72 0 205 0 225 

H 241 3 20 0 095 0 126 

J 03B 064 0015 0025 

K 12 70 154 9 I 0 50ir 0610 

L 15 88 16 51 0 625 0 650 

N 12 19 12 70 0 480 0 500 

Q 4 04 |~T22 0 159 0 166 


1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


CASE 340-01 
TO-218AC 
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MJ12004, MJH 12004 


1.3 


ELECTRICAL CHARACTERISTICS (Tq = 25° unless otherwise noted.) 


[~ Characteristic | Symbol | Min | Typ | Max j Unit | 

OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 
(1C = 50 mAdc, Ib = 0) 

VCEO(sus) 

750 

~ 

- 

Vdc 

Collector Cutoff Current 

(V CE » 1500 Vdc, V B E =0) 

'CES 

~ 

~ 

1.0 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 

•ebo 

~ 

~ 

1.0 

mAdc 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(1C = 4.5 Adc, l B = 18 Adc) 


- 

- 

5.0 


(l c = 3.5 Adc, l B = 1.5 Adc) 


- 

- 

5.0 


Base Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 4.5 Adc, l B = 1 B Adc) 


- 

_ 

1.5 


(l c = 3.5 Adc, l B = 1.5 Adc) 


- 

- 

1.5 


Second Breakdown Collector Current with Base 

Forward Biased 

•s/b 

See Figure 14 


DYNAMIC CHARACTERISTICS 


Current-Gain - Bandwidth Product 

(1C = 01 Adc, Vqe “ 5.0 Vdc, f t est = 1 MHz) 

<T ' 

- 

4 

- 

MHz 

Output Gepacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 

— 

125 


PF 


SWITCHING CHARACTERISTICS 


Fall Time 

T c = 25°C 

t, 

- 

0.4 

1.0 

MS 

(1C = 4.5 Adc, l B i = 1 3 Adc, 

T c = 100°C 


- 

0.6 



Lg = 8.0 pH, See Figure 1 ) 








(1 ) Pulse Test: Pulse Width < 300 ms. Duty Cycle = 2%. 


Pulse Width Adj 
50% Duty Cycle 


n 



FIGURE 1 - SWITCHING TIMES TEST CIRCUIT 




% 


MR918 
(Selected ^ 
1500 V) 


•c 

A 

L 

mH 

C 

MF 

3.5 

0.87 

0.013 

4.5 

0.67 

0.017 


10 mF 
|l 50 V| 

io 
5 w 


Com +125 V 

DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A-05-1 /4" laminate "E” iron core. 
Primary Inductance — 39 mH, Secondary Inductance — 0.22 mH, 
Leakage Inductance with primary shorted — 2.0 mH. Primary 260 
turns, #28 AWG enamel wire. Secondary 17 turns, #22 AWG 
enamel wire. 
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MJ12004, MJH12004 


BASE DRIVE: The Key to Performance 

By now, the concept of controlling the shape of the 
turn-off base current is widely accepted and applied in 
horizontal deflection design. The problem stems from 
the fact that good saturation of the output device, prior 
to turn-off, must be assured. This is accomplished by 
providing more than enough I B1 to satisfy the lowest gain 
output device hpp at the end of scan Iq\/j. Worst-case 
component variations and maximum high voltage loading 
must also be taken into account. 

If the base of the output transistor is driven by a very 
low impedance source, the turn-off base current will re- 
verse very quickly as shown in Figure 2. This results in 
rapid, but only partial, collector turn-off, because excess 
carriers become trapped in the high resistivity collector 
and the transistor is still conductive. This is a high dissipa- 
tion mode, since the collector voltage is rising very rapidly. 
The problem is overcome by adding inductance to the 
base circuit to slow the base current reversal as shown in 
Figure 3, thus allowing excess carrier recombination in the 
collector to occur while the base current is still flowing. 

Choosing the right Lg is usually done empirically, since 
the equivalent circuit is complex, and since there are 
several important variables OcM' *BV and h FE at *CM^ 
One method is to plot fall time as a function of Lg, at the 
desired conditions, for several devices within the hpp 
specification. A more informative method is to plot power 
dissipation versus Ig-j for a range of values of Lg as shown 


in Figures 4 and 5. This shows the parameter that really 
matters, dissipation, whether caused by switching or by 
saturation. The negative slope of these curves at the left 
(low Ig-j) is caused by saturation losses. The positive slope 
portion at higher Ig-j, and low values of Lg is due to 
switching losses as described above. Note that for very low 
Lg a very narrow optimum is obtained. This occurs when 
Igl hpg = l CM , and therefore would be acceptable only 
for the "typical" device with constant Iqm- As ' s ‘ n * 
creased, the curves become broader and flatter above the 
I b 1 hpg = *CM P° ,nt as the turn-off "tails" are brought 
under control. Eventually, if Lg is raised too far, the 
dissipation all across the curve will rise, due to poor 
initiation of switching rather than tailing. Plotting this 
type of curve family for devices of different hpp, essen- 
tially moves the curves to the left or right according to the 
relation lg-) hpp = constant. It then becomes obvious 
that, for a specified I^M, an Lg can be chosen which will 
give low dissipation over a range of hpp and/or Ig-j. The 
only remaining decision is to pick Ig-j high enough to 
accommodate the lowest hpp part specified. Figure 8 
gives values recommended for Lg and Ig-j for this device 
over a wide range of Iq^/j. These values were chosen from 
a large number of curves like Figure 4 and Figure 5. 
Neither Lg nor lg-| are absolutely critical, as can be seen 
from the examples shown, and values of Figure 8 are 
provided for guidance only. 


TEST CIRCUIT WAVEFORMS 


FIGURE 2 


FIGURE 3 



(time) (time) 


TEST CIRCUIT OPTIMIZATION 


The test circuit may be used to evaluate devices in the con- 
ventional manner, i.e., to measure fall time, storage time, and 
saturation voltage. However, this circuit was designed to evaluate 
devices by a simple criterion, power supply input. Excessive 
power input can be caused by a variety of problems, but it is the 
dissipation in the transistor that is of fundamental importance. 


Once the required transistor operating current is determined, 
fixed circuit values may be selected from the table. Factory test- 
ing is performed by reading the current meter only, since the 
input power is proportional to current. No adjustment of the 
test apparatus is required. 
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tf , FALL TIME Ga) Pj„, INPUT POWER (WATTS) 


MJ 12004, MJH 12004 


1.3 



l B1 , BASE CURRENT (AMP) 


FIGURE 6 - SWITCHING BEHAVIOR versus 
TEMPERATURE 

I CM “ 3.5 A, l B - 1.5 A, L b = 14 }AH 




0 0.5 1 1.5 2 


l B1 , BASE CURRENT (AMP) 

FIGURE 7 - SWITCHING BEHAVIOR versus 
TEMPERATURE 


ICM = 4.5 A, l B = 1.75 A, l_ B = 8 JUH 



FIGURE 9 - SWITCHING BEHAVIOR versus l CM 



1C . COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 









V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) hfE DC CURRENT GAIN 


MJ12004, MJH12004 


TYPICAL ELECTRICAL CHARACTERISTICS 


SAFE OPERATING AREA INFORMATION 


FIGURE 10 - DC CURRENT GAIN 


FIGURE 11 - MAXIMUM RATED FORWARD 
BIAS SAFE OPERATING AREA 




FIGURE 12 — COLLECTOR SATURATION REGION 



NOTE: 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vce 
limits of the transistor must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The 50 /is SB curve is beyond the thermal limits of this 
part. However, the parts will survive a transient that 
remains within these SB limits without failing. 


FIGURE 13- "ON” VOLTAGES 
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MJ12005 



MOTOROLA 


HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in deflection circuits. 

• VcEX = 1500 V 

• Glassivated Base-Collector Junction 

• Safe Operating Area @ 50 jds = 20 A, 400 V 


MAXIMUM RATINGS 


8 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

1500 VOLTS 
100 WATTS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEX 

1500 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

>c 

8.0 

Adc 

Base Current — Continuous 

■b 

4.0 

Adc 

Emitter Current — Continuous 

lE 

12 

Adc 

Total Power Dissipation @ Tq = 25°C 

PD 

100 

Watts 

Derate above 25°C 


0.8 

W/°C 

Operating and Storage Junction 

T J> T stg 

-65 to + 150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.25 

°C/W 

Maximum Lead Temperature for 

Soldering Purposes 1/8” from 

Case for 5 Seconds 


275 

°C 


FIGURE 1 - MAXIMUM FORWARD BIAS SAFE OPERATING AREA 


50 



V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 



NOTES 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. [T] IS SEATING PLANE AND DATUM. 

3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

[ f | lM 3 (0.005)© 1 T | V© [ 

FOR LEADS: 

1 | <1.13 (0.005) ©T ] V©[ Q©| 

4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


STYLE 1 
PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

"TP 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16.89 BSC 

0.665 BSC 

K 

11.18 

12.19 n 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


1.3 


I 


: 




CASE 1-05 





MJ12005 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic j 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(V C = 50 mAdc, l B = 0) 

v CEOsus) 

750 

- 

- 

Vdc 

Collector Cutoff Current 

(V CE = 1500 Vdc, V BE = 0) 

'CES 

- 

- 

0.25 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 

>EBO 

— 

— 

0.1 

mAdc 

ON CHARACTERISTICS (1) 

Collector-Emitter Saturation Voltage 
(l c = 5.0 Adc, l B = 1.0 Adc) 

v CE(sat) 

- 

- 

5.0 

Vdc 

Base Emitter Saturation Voltage 
(l C = 5.0 Adc, l B = 1.0 Adc) 

^BE(sat) 

_ 

~ 

1.5 

Vdc 

Second Breakdown Collector Current with Base Forward Biased 

'S/b 


- 

See Figure 1 

SWITCHING CHARACTERISTICS 

Fall T ime 

(l c = 5.0 Adc, l B i = 1.0 Adc, L B = 8.0 mH) 

tf 

- 

0.4 

1.0 

MS 


( 1 ) Pulse T est : Pulse Width < 300 ms, Duty Cycle = 2%. 


FIGURE 2 - DC CURRENT GAIN 



0 1 0 3 0.5 1 0 2.0 5 0 10 

l C , COLLECTOR CURRENT (AMPS 
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(M) MOTOROLA 


MJ 12010 


HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in CRT deflection circuits. 

• Collector-Emitter Voltage — VcEX = 950 Volts 

• Glassivated Base-Collector Junction 

• Forward Bias Safe Operating Area @ 50 jus = 30 A, 300 V 

• Switching Times with Inductive Loads — 

tf = 0.5 jus (Typ) @ Iq = 5.0 A 


10 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

950 VOLTS 
100 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

IBEI 

Collector-Emitter Voltage 

v CEO(sus) 

400 

KE9 

Collector-Emitter Voltage 

V CEX 

950 

BEH 

Emitter-Base Voltage 

v EBO 

5.0 

BUS 

Collector-Current — Continuous 

•c 

10 


Base Current — Continuous 

•b 

5.0 

a 

Emitter Current — Continuous 

■e 

15 

Adc 

Total Power Dissipation @ Tc = 25°C 

P D 

100 

Watts 

T C = 1 00°C 


40 

Watts 

Derate above 25°C 


0.8 

W/°C 

Operating and Storage Junction Temperature Range 

T J- ^stg 

-65 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.25 

°C/W 

Maximum Lead Temperature for Soldering Purposes: 
1/8” from Case for 5 Seconds 


275 

°C 




FIGURE 1 - TEST CIRCUIT 



NOTES 

1. DIMENSIONS Q AND V ARE DATUMS. 

2. GE IS SEATING PLANE AND DATUM. 

3 POSITIONAL TOLERANCE FOR 

MOUNTING HOLE 0. 

1 4 1 $.13 (0 005)© [ T | V© | 

FOR LEADS: 

f + 1 0.13 (0.005) ©T | V© 1 Q©| 
4. DIMENSIONS AND TOLERANCES PER 
ANSI Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39.37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.15 BSC 

1.187 BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

16 89 BSC 

0.665 BSC 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1.050 

U 

4.83 

5.33 

0.190 

0.210 

V 

3.81 

4.19 

0.150 

0.165 


CASE 1-05 
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MJ12010 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic Symbol 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage v CEO(sus) 

(! c = 50mAdc, l B = 0) 


Collector Cutoff Current Ices 

(V C E = 95°Vdc > VBE = 0) 


Emitter Cutoff Current 
(V B E = 5-0 Vdc, l c = 0) 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(l C = 5.0 Adc, l B = 1.2 Adc) 


Base-Emitter Saturation Voltage v BE(sat) 

(Iq = 5.0 Adc, l B = 1.2 Adc) 

Second Breakdown Collector Current with Base Forward Biased l§/b 

DYNAMIC CHARACTERISTICS — 


Current-Gain — Bandwidth Product 

(1C = 0.1 Adc, V C E = 5.0 Vdc, f test = 1 .0 MHz) 


Output Capacitance 

(V C b = 10 Vdc, l E = 0. f = 0.1 MHz) 



l C , COLLECTOR CURRENT (AMP) 


1.0 2.0 4.0 6.0 10 20 40 60 100 200 400 700 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 

NOTE. 

There are two limitations on the power handling ability of a transistor: average junction tempera- 
ture and second breakdown. Safe operating area curves indicate lc - VCE hmits of the transistor 
that must be observed for reliable operation, i.e., the transistor must not be subjected to greater 
dissipation than the curves indicate. 

The 50 and 1 ms curves are beyond the thermal limits of this part. However, the parts will 
survive a transient that remains within these SB limits without failing. 


































MOTOROLA 


MJ 12020 
MJ 12021 
MJ 12022 


Designer’s Data Sheet 


HIGH PERFORMANCE NPN 
DEFLECTION TRANSISTORS 

These transistors are designed for high resolution video systems, 
such as, high density graphic displays, data terminals, video 
scanners . . . wherever high frequency deflection is required. 

• Fast T urn-Off Times 

• Maximum Storage and Fall Times Specified at 100°C 

• Operating Junction Temperature Range -65°C to +200°C 

• High fyof 15 MHz 


5.0, 8.0 and 15 AMPERE 

NPN SILICON 
DEFLECTION 
POWER TRANSISTORS 

850 VOLTS 

125, 150 and 175 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ1 2020|MJ1 2021 |MJ1 2022 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

850 

Vdc 

Emitter Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

8.0 

15 

Adc 

— Peak (1 ) 

•cm 

10 

16 

20 


Base Current — Continuous 

•b 

4.0 

6.0 

10 

Adc 

— Peak (1 ) 

•bm 

8.0 

12 

15 


Total Power Dissipation 

Pd 




Watts 

@ T C = 25°C 


125 

150 

175 


@T C = 100°C 


71.5 

85.5 

100 


Derate above 25°C 


0.714 

0.86 

1.0 

W/°C 

Operating and Storage Junction 

T J- T stg 


-65 to +200 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 

Thermal Resistance, 

R 0JC 

1.4 

1.17 

1.0 

°c/w 

Junction to Case 






Maximum Lead Temperature 



275 


°c 

for Soldering Purposes: 






1 /Q" from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 1 0%. 
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MJ12020, MJ12021, MJ12022 


ELECTRICAL CHARACTERISTICS (Jq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 






Collector-Emitter Sustaining Voltage (Table 1) 

(IC = 100 mA, | B = 0) 

VcEO(sus) 

450 


— 

Vdc 

Collector Cutoff Current 
(V C EV = 850 Vdc, V BE(off) = 1 -5 Vdc) 

(VcEV =850 Vdc, V BE{off ) =1.5 Vdc, T C = 1 00° C) 

'CEV 

- 

- 

0.25 

1.5 

mAdc 

Collector Cutoff Current 
(V C E " 850 Vdc, R BE = 50 O, T c = 100°C) 

'CER 


— 

2.5 

mAdc 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, l C = 0) 

'EBO 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

IS/b 

See Figures 19, 21 or 23 

Turn-Off SOA with Base Reverse Biased 

RBSOA 

See Figures 20, 22 or 24 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dC = 3.0 Adc, l B = 0.6 Adc) 

Oc = 5.0 Adc, l B = 1 .0 Adc) 

(1C = 10 Adc, l B = 2.0 Adc) 

MJ 12020 
MJ12021 
MJ12022 

v CE(sat) 

- 

- 

1.2 

1.2 

1.2 

Vdc 

Base Emitter Saturation Voltage 


v BE(sat) 




Vdc 

dC=3.0 Adc, l B = 0.6 Adc) 

MJ 12020 


— 

— 

1.5 


dC - 5.0 Adc, Ib = 1.0 Adc) 

MJ12021 


— 

— 

1.5 


(l c = 10 Adc, l B = 2.0 Adc) 

MJT2022 


— 

— 

1.5 


DC Current Gain 


h FE 




— 

<I C = 5.0 Adc, Vce = 5.0 Vdc) 

MJ12020 


5.0 

— 

* — 


dC =8.0 Adc, Vc E = 5.0 Vdc) 

MJ12021 


5.0 

— 

— 


(1(2 = 15 Adc, Vc E = 5.0 Vdc) 

MJ12022 


5.0 

- 

- 



DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(l C = 0.3 Adc, V CE = 10 Vdc, f = 1 .0 MHz) 

(l C = 1 .0 Adc, V CE =10 Vdc, f = 1 .0 MHz) 

(l c = 1 .3 Adc, Vce = 1 0 Vdc, f = 1 .0 MHz) 

MJ12020 

MJ 12021 
MJ12022 


15 

15 

15 

- 

- 

MHz 

Output Capacitance 


^ob 




pF 

(V C B - 1 0 Vdc, l E = 0, f = 1 .0 kHz) 

MJ12020 


— 

— 

200 



MJ12021 


— 

— 

350 



MJ12022 


- 

- 

400 



(1 ) Pulse Test: Pulse Width ^ 300 Duty Cycle <2%. 
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MJ12020, MJ12021, MJ12022 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


| Characteristic | 

Symbol | Min J Typ | Max | Unit 

SWITCHING CHARACTERISTICS 

MJ12020 

Inductive Switching, Clamped Drive 

Storage Time 

(l C = 3.0 Adc, lg = 0.6 Adc, 

V C C = 40 Vdc, Vg E(of f) = 4.0 Vdc, 
Pulse Width = 8.0 y s, 

Duty Cycle ^ 2%) See Table 1 

Tj = 25°C 

Is 

- 

440 

1200 

ns 

Fall Time 

tf 

— 

130 

300 

Storage Time 

Tj = 1 00°C 

ts 

— 

550 

1500 

Fall Time 

tf 

— 

200 

500 

| Inductive Switching, Series Base Inductance j 

Fall Time 

(1C = 3.0 Adc, l B = 0.6 Adc, Lg = 24 M H) See Table 2 

tf 

— 

175 

— 

ns 

MJ12021 

Inductive Switching, Clamped Drive 

Storage Time 

(lc = 5.0 Adc, lg = 1 .0 Adc, 

V C C = 60 Vdc, Vg E(of f) = 4.0 Vdc, 
Pulse Width = 8.0 ys, 

Duty Cycle ^ 2%) See Table 1 

Tj = 25°C 

ts 

- 

550 

1200 

ns 

Fall Time 

tf 

— 

100 

300 

Storage Time 

Tj = 100°C 

ts 


750 

1600 

Fall Time 

tf 


180 

500 

| Inductive Switching, Series Base Inductance | 

Fall Time 

(l C = 5.0 Adc, lg = 1 .0 Adc, Lg = 24 M H) See Table 2 

tf 

— 

300 

— 

ns 

MJ12022 

Inductive Switching, Clamped Drive 

Storage Time 

(l c = 10 Adc, lg = 2.0 Adc, 

Vcc = 1 20 Vdc, Vg E ( 0 ff) = 4.0 Vdc, 
Pulse Width = 8.0 ys, 

Duty Cycle 2%) See Table 1 

Tj = 25°C 

ts 

- 

820 

1800 

ns 

Fall Time 

tf 

— 

100 

300 

Storage Time 

Tj = 100°C 

ts 

— 

1100 

2500 

Fall Time 

tf 

— 

130 

400 

Inductive Switching, Series Base Inductance j 

Fall Time 

(lC = 1 0 Adc, lg = 2.0 Adc, Lg = 24 M H) See Table 2 

tf 


350 

— 

ns 
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h FE . OC CURRENT GAIN I h F £. DC CURRENT GAIN I h FE> DC CURRENT GAIN 






ITTER VOLTAGE (VOLTS) ^ . V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) I V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 15 0 2 0 3 0 5 0 7 1 0 2 0 3 0 5 0 7 0 10 15 

Iq. COLLECTOR CURRENT (AMPS) 


0150 20 0 30 0 50 0 70 10 20 30 50 70 10 

l c . COLLECTOR CURRENT (AMPS) 


LSlS] 






, STORAGE TIME (ns) . V STORAGE TIME (ns) ^ t s , STORAGE TIME (ns) 


MJ1 2020, MJ1 2021 , MJ12022 


TYPICAL DYN 



0.5 0.7 1 0 2.0 3 0 

1C. COLLECTOR CURRENT (AMPS) 



1.0 2.0 3 0 5.0 8.0 

l C , COLLECTOR CURRENT (AMPS) 



1.5 2.0 3.0 5 0 8.0 10 

lr, COLLECTOR CURRENT (AMPS) 


CHARACTERISTICS 


MJ12020 


FIGURE 14 - FALL TIME 


500 

300 

















Tj = 25 
0 f = 5.0 

°C 

= 3.0 to 









v BE(off) 

5.0 Vdc 











— 1 






— 





































i 




















0.5 0 7 1.0 2 0 3 0 

l C , COLLECTOR CURRENT (AMPS) 


MJ12021 


FIGURE 16 - FALL TIME 


lC, COLLECTOR CURRENT (AMPS) 


MJ12022 






— ^ 

■ 






. 

— — ' 




— 

— 

— 

— 

— 






















T i = 25°C 



■ 

■ 

■ 

■ 

■ 



A = 5.0 

■ 



■ 

■ 



v BE(off) = 

3.0 to 5. 

0 Vdc 


■ 

■ 

1 

1 


1 










1 









0 2 

0 30 

5 

0 


8 

m 



3.0 5.0 8.0 10 15 

l C , COLLECTOR CURRENT (AMPS) 
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COLLECTOR CURRENT (AMPS) I ! C- COLLECTOR CURRENT (AMPS) l C . COLLECTOR CURRENT (AMPS) 


MJ12020, MJ1 2021 , MJ12022 


SAFE OPERATING AREA INFORMATION 


MJ12020 


FIGURE 19 — MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 20 - MAXIMUM RATED TURN-OFF 
SAFE OPERATING AREA 



0 01 1 1 1 1 ‘ 1 1 1 L-U 

5.0 7.0 10 20 50 70 100 200 300 450 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJ12021 


V C E(pk)- PEAI < COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 21 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



) 02 L . 1 J..J ,i, l I I I I L-I_L-LU I I I EsU 

5.0 10 20 50 100 200 300 450 


FIGURE 22 - MAXIMUM RATED TURN-OFF 



Vq E , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


V C E(pk>. PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJ12022 

FIGURE 23 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 24 - MAXIMUM RATED TURN-OFF 
SAFE OPERATING AREA 



5 0 10 20 30 50 70 100 200 300 450 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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C. CAPACITANCE (pF) c CAPACITANCE (pF) 


MJ1 2020, MJ12021, MJ12022 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc— VCE 
limits of the transistor that must be observed for reliable 
operation; i.e. ( the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 19, 21 and 23 are based on Tq = 
25°C; Tj(pk) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 1 0% but 
must be derated when Tq ^ 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 1 9, 
21 and23 maybe found atany case temperature by using 
the appropriate curve on Figure 28. 


Tj(pk) may be calculated from the data in Figures 29, 30 
or 3 1 . At high case temperatures, thermal limitations will 
reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

TURN-OFF 

In deflection circuits, high voltage and high current 
normally do not occur simultaneously during turn-off with 
the base-emitter reverse biased. The safe level of oper- 
ating these devices is specified as the Turn-Off Safe 
Operating Area, and represents the area the lead line may 
traverse during reverse biased turn off. For reliable oper- 
ation, all abnormal operating conditions should be 
checked for operation within this area. 


FIGURE 25 - CAPACITANCE VARIATION 
MJ12020 


FIGURE 26 - CAPACITANCE VARIATION 
MJ12021 



10 » LJ 1 JJJLLUJ 1—1 LJ-JLLLLU U MU LIU L_J 1 ..l.JJ UlU 

0.1 1.0 10 100 850 


Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 27 - CAPACITANCE VARIATION 
MJ12022 



Vr, REVERSE VOLTAGE (VOLTS) 



FIGURE 28 - POWER DERATING 



0 40 80 120 160 200 

TC CASE TEMPERATURE (°C) 
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MJ 12020, MJ12021, MJ12022 


THERMAL RESPONSE 


1.3 



FIGURE 30 — MJ12021 




0.01 0.1 1.0 10.0 100 IK 

t, TIME (ms) 
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MJ12020, MJ12021 , MJ12022 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



T-| adjusted to obtain lc(pk) 

-Va adjusted to obtain VBE(off) 


v (BR)CE0 

Inductive Switching, Clamped Drive 

Turn-Off SOA 

L = 10 mH 

R B2 = °° 

Vqc = 20 Vdc 

SI — Open 
•Tektronix P-6042 
or Equivalent 

MJ12020 

MJ12021 

MJ12022 

MJ12020 

MJ12021 

MJ12022 

C = 0.003 

V CC = 40 Vdc 

C = 0.020 m F 
V C c = 60 Vdc 

C= 0.036 m F 

Vcc = 1 20 Vdc 

C - 0.003 

V C c = 20 Vdc 

C = 0.020 m F 
V C c = 35 Vdc 

C = 0.037 m F 

Vcc = 65 Vdc 

L = 100 m H, SI — Closed 

r B 2 = 0- R B1 selected for required Igl 

Scope — Tektronix 7403 or Equivalent 

L= 100 m H 

RB2 - 0- R B1 selected for required Ibi 

SI — Closed 


TABLE 2 — TEST CIRCUIT FOR INDUCTIVE SWITCHING WITH BASE INDUCTANCE 



Device 

V C C (Volts) 

'C(pk) ( Am P) 

C(/uF) 

MJ12020 

20 

3.0 

0.003 

MJ12021 

35 

5.0 

0.;020 

MJ12022 

55 

10 

0.036 


Motorola part number 25D68782A-05-1 /4" laminate "E" iron core. 
Primary Inductance — 39 mH, Secondary Inductance — 0.22 mH, 
Leakage Inductance with primary shorted — 2.0 #H. Primary 260 

turns, #28 AWG enamel wire, Secondary 17 turns, #22 AWG 
enamel wire. 
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(M) MOTOROLA 


MJ13014 

MJ13015 


Designei's Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13014 and MJ13015 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where 
fall time is critical. They are particularly suited for line operated 
switchmode applications such as: m 

• Switching Regulators \ 

• Inverters < 

• Solenoid and Relay Drivers J 

• Motor Controls T W • 

• Deflection Circuits 

Fast Turn - Off Times: q_ ( j ) 

60 ns Inductive Fall Time @ 25°C (Typ) 

120 ns Inductive Crossover Time @ 25°C (Typ) A 

800 ns Inductive Storage Time @ 25°C (Typ) _J_ 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 

Rating 

Symbol 

MJ13014 

MJ13015 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

550 

600 

Vdc 

Emitter Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 


<C 


10 


Adc 

-Peak (1) 


'CM 


20 



Base Current — Continuous 


*B 


5.0 


Adc 

- Peak (1) 


•bm 


10 



Total Power Dissipation @ Tq = 25°C 


p D 


150 


Watts 

@ T C = 1 00°C 




85.5 



Derate above 25°C 




0.86 


W/°C 

Operating and Storage Junction 

T J« T s ta 


-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 




275 


^C 

Purposes: 1/8" from Case for 5 Seconds 







(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


1.3 


10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

350 AND 400 VOLTS 
150 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 


I 


; l 


j j 



NOTES 

1. DIMENSIONS Q AND V ARE DATUMS 

2. Gf] IS SEATING PLANE AND DATUM 
3 POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q 
| » 1 >13(0005)© j T |v© | 

FOR LEADS 

[ + | ».13 (0,005)© T | V© | Q® | 


STYLE 1 

PIN I BASE 
2 EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

- 

39 37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0 300 

0 

097 

1 09 

0.038 

0.043 

E 

140 

1.78 

0.055 

0.070 

F 

30.1 

BSC 

1 18 

BSC 

G 

10.9 

BSC 

0.43 

BSC 

H 

5.4 

BSC 

021 

BSC 

J 

16.85 

1 BSC 

0.66! 

j BSC 

K 

11.18 

12.19 

0.440 1 

0.480 

o' 

3.81 

4.19 

0.150 

0.165 

R 


26 67 


1.050 

U 

4 83 

5.33 

0.190 

0.210 

V 

3 81 

4.19 

0 150 | 

0165 


Is 
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MJ13014, MJ13015 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic ) Symbol | Min [ Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 1) 

(l c = 100 mA, l B = 0) MJ13014 

MJ13015 

VCEO(sus) 

350 

400 

- 

- 


Collector Cutoff Current 

•CEV 




mAdc 

(Vqev = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 


- 

- 

0.5 


(V C EV = Rated Value; V BE ( off ) = 1.5 Vdc, T c = 150°C) 


- 

- 



Collector Cutoff Current 

'CER 

- 

- 

■ ■ 

mAdc 

<V CE = Rated V CEV , R BE = 50 SI, T C = 100°C) 




1 1 


Emitter Cutoff Current 

•ebo 

- 

- 

1.0 


(V EB = 6.0 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 2.5 Adc, V CE = 5 Vdc) 

h FE 

12 

- 


- 

Collector-Emitter Saturation Voltage 

v CE(sat) 





(l C = 5 Adc, l B = 1.0 Adc) 


- 

- 



(I C = 10 Adc, l B = 2.0 Adc) 



- 



(l c = 5 Adc. I B = 10 Adc, T c = 100°C) 



- 

m 


Base-Emitter Saturation Voltage 

v BE(sat) 



■ 


(lc - 5 Adc, l B = 1 .0 Adc) 


_ 

- 



(l C = 5 Adc, l 8 = 1.0 Adc, T C = 100°C) 



- 

B 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

50 

- 

350 

pF 

(V CB = 10 Vdc, l E =0, f tes t = 1-0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) ] 

Delay Time 

(V CC = 250 Vdc, lc = 5.0 A, l B i = 1.0 A, 
t D = 25 ps, Duty Cycle v- 2%) 

td 

- 

0.01 

0.1 

MS 

Rise Time 

t r 

_ 

0.085 

0.5 

MS 

Storage T ime 

(V C c = 250 Vdc, l c = 5.0 A, I B1 =1.0 A, 
v BE(off) = 5 0 Vdc, t p = 25 ms. Duty Cycle ^ 2%) 

ts 

- 

0.8 

2.0 

MS 

Fall Time 

tf 

_ 

0.095 

0.5 

MS 


Inductive Load, Clamped (Table 1) 


Storage T ime 

(lc - 5 A(pk), V^jgp^p = 250 Vdc, l B i = 1.0 A, 
V B E(off) =5 Vdc,T C = 100°C) 

tsv 

- 

1.5 

3.5 

1 

Crossover Time 

x c 

- 

0.25 

1.0 

BQBI 

Fall Time 

ffi 

- 

0.12 

- 

mm 

Storage T ime 

(l c = 5 A (pk), V clamp = 250 Vdc, I B1 = 1.0 A, 
VBE(off) = 5 Vdc, T c = 25°C) 

tsv 

- 

0.8 

- 

MS 

Crossover T ime 

tc 

- 

0.12 

- 

MS 

Fall Time 

tfi 

- 

0.06 

■m 

MS 


( 1 ) Pulse T est : PW = 300 ms. Duty Cycle < 2%. 
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I C , COLLECTOR CURRENT (mA) V, VOLTAGE (VOLTS) h FF , DC CURRENT GAIN 


FIGURE 1 - DC CURRENT GAIN 
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l C , COLLECTOR CURRENT (AMP) 



FIGURE 3 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 
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FIGURE 5 - COLLECTOR CUTOFF REGION 
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MJ 13014, MJ13015 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


50 12> >100 12 


5.1 124, 4R2 o 2 
5 W T I 


All Diodes - 1N4934 
All NPN - MJE200 
All PNP - MJE210 


430 12 39 12 | 

4; 250 mF 


Adjust R1 to obtain I 31 

For switching and RBsoa- ^2 = ® 

For BV CEO ( sus ), R2 = « 


I Q 1 adjusted to 
obtain the forced 

TURN OFF TIME 
Use inductive switching 
driver as the input to 


INDUCTIVE TEST CIRCUIT 


0 — 4-1 ) 1N4937 I | S | 

Input or +14 1 L coj , 

See Above for Equivalent ^ 4j 

Detailed Conditions w , 4- 4r 

v clamp ~ V cc 


L coil = ISO MH 
R coil = 0 05 12 
V C C = 20 V 


OUTPUT WAVEFORMS 



tj Adjusted t 
Obtain Ip 


Test Equipment 
Scope — Tektronix 
475 or Equivalent 


Pulse Width = 10 /Lts 


RESISTIVE TEST CIRCUIT 


FIGURE 7- INDUCTIVE SWITCHING MEASUREMENTS 

‘ c P jj I 14 

v clamp 
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FIGURE 8 - PEAK REVERSE CURRENT 
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MJ13014, MJ13015 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I b 1 to 10% V c | amp 
t rv = Voltage Rise Time, 10—90% V c | amp 
tfj = Current Fall Time, 90 — 10% lc 
ttj = Current Tail, 10 — 2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 v CC'C (t c) f 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING 



0 1 0.2 0.3 0.5 0 7 1.0 2 0 3 0 5 0 7 0 10 

l C , COLLECTOR CURRENT (AMP) 



0.05 1 I r ~ 1 T r:m i l • t : t Ti m 
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l c , COLLECTOR CURRENT (AMP) 


FIGURE 11 - THERMAL RESPONSE 



t, TIME (ms) 
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MJ13014, MJ13015 


SAFE OPERATING AREA INFORMATION 

FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation; i.e. , the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C, Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

T J(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 



0 40 80 120 160 200 

TC. CASE TEMPERATURE (°C) 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
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SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 


The MJ13070 and MJ13071 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

100 ns Inductive Fall Time @ 25°C (Typ) 

1 50 ns Inductive Crossover Time @ 25°C (Typ) 

400 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 


Rating 

Symbol 

MJ13070 MJ13071 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

400 450 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 750 

Vdc 

Emitter Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

— Peak (1 ) 

'CM 

8.0 


Base Current — Continuous 

•b 

2.0 

Adc 

- Peak (1 ) 

'bm 

4.0 


Total Power Dissipation (5) Tq = 25°C 

Pd 

125 

Watts 

@T C = 100°C 


71.5 


Derate above 25°C 


0.714 

W/°C 

Operating and Storage Junction 

T J' T stg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.4 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes: 1 /8" from Case for 5 Seconds 

t L 

275 

°C 

(1) Pulse Test: Pulse Width = 5 ms, Duty. Cycle = 

$ 10%. 
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MJ 13070 
MJ 13071 


1.3 


5 AMPERE 


NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS 
1 25 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



NOTES 

1 DIMENSIONS Q AND V ARE DATUMS 

2 [T] IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE TOR 
MOUNTING HOLE Q 



4 DIMENSIONS AND TOLERANCES PER 
ANSI V14 S. 1973 



CASE 1 -05 TO-3 TYPE 










MJ 13070, MJ13071 


ELECTRICAL CHARACTERISTICS 0c = 25°C unless otherwise noted) 

Characteristic [ Symbol | Min [ Typ | Max | Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 1 ) 

(l c = 100 mA, l B = 0) MJ13070 

MJ13071 

v CEO(sus) 

400 

450 

- 

- 

Vdc 

Collector Cutoff Current 
< V CEV = Rated Value, V BE ( 0 ff) = 1 5 Vdc) 

(VceV = Rated Value, V BE ( 0 ffj =1.5 Vdc, T^ = 100°C) 

'CEV 

- 

- 

0 5 

2.5 

mAdc 

Collector Cutoff Current 
(V C e = Rated V CEV , RbE = 50 H, T c = 100°C) 

>CER 

— 

— 

3 0 

mAdc 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, l c = 0) 

>EBO 

— 

— 

1 0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 



ON CHARACTERISTICS (1) 


DC Current Gain 
(lc = 3.0 Adc, Vq E = 50 Vdc 

hFE 

80 


— 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 3.0 Adc, l B = 06 Adc) 


— 

— 

1 0 


(l c = 5.0 Adc, l B = 1.0 Adc) 


— 

— 

3.0 


<l c = 3.0 Adc, l B = 0.6 Adc, Tc = 1 00°C) 


- 


2 0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 3.0 Adc, l B = 0.6 Adc) 


— 

— 

1 5 


(l c = 3 0 Adc, l B = 0 6 Adc, T c = 1 00°C) 


~ i 

- 

1 5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

— 

250 

pF 

(V C b = 1 0 Vdc, l E = 0, f tes t = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


| Resistive Load (Table 1) 

Delay Time 

(V cc = 250 Adc, l c = 3.0 Adc, 

I B 1 = 0.4 Adc, t p = 30 )us, 

Duty Cycle <2%, V BE ( 0 ffj =50 Vdc) 

td 

- 

0 03 

0 05 

IUS 

Rise Time 

V 

- 

0 10 

0 40 

Storage Time 

*s 

— 

0 40 

1 50 

Fall Time 

tf 

- 

0 175 

0 50 


Inductive Load, Clamped (Table 1) 


Storage Time 

<'C(pk)= 3 0 A, 

I B 1 =04 Adc, 
v BE(off) r 5 0 Vdc - 
v CE(pk) = 250 v > 

(Tj= 100°C) 

tsv 

- 

0 70 

2 0 

fiS 

Crossover Time 

S 1 

— 

0 28 

0 50 

Fall Time 

tfi 

— 

0 15 

0 30 

Storage Time 

(Tj = 25°C) 

fsv 

— 

0 40 

— 

Crossover Time 

tc 

— 

0.15 

— 

Fall Time 

tfl 

- 

0 10 

- 


( 1 ) Pulse Test PW - 300 /us, Duty Cycle s$2% 
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MJ13070, MJ13071 


TYPICAL ELECTRICAL C 



l c , COLLECTOR CURRENT (AMPS) 


FIGURE 3 — COLLECTOR-EMITTER 
SATURATION VOLTAGE 
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FIGURE 2 - COLLECTOR SATURATION REGION 


1.3 
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FIGURE 4 — BASE-EMITTER VOLTAGE 



















■ 









0f = 

5.0 









1 

1 

















_ 









25° 








■ 



• — ” 


- 

- 

- 

- 


T J- 

= 

C 








— 




- 

— 

I 

_ 

I 





10 

k=l 

i0°( 

— 

— 

- 


— 

— 

— 

■ 

— 


















■ 








1 


! 


























I 


1 

1 


005 01 0203 05 10 2030 50 

IC- COLLECTOR CURRENT (AMPS) 


FIGURE 6 - CAPACITANCE 



'9 





MJ13070, MJ13071 










MJ 13070. MJ 13071 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% Igi to 10% V c | amp 
t rv = Voltage Rise Time. 10-90% V c | amp 
tfj = Current Fall Time, 90—10% lc 
t{j = Current Tail, 10 — 2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

p swt = 1/2 Vcdc^c^ 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 



0507 10 20 30 50 

1C- COLLECTOR CURRENT (AMPS) 


FIGURE 10 - CROSSOVER AND FALL TIMES 



FIGURE 11 - THERMAL RESPONSE 



t, TIME (ms) 
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MJ13070, MJ13071 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



FIGURE 13 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 
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V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 
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MOTOROLA 


MJ 13080 
MJ 13081 


Designer’s Data Sheet 


SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13080 and MJ13081 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

100 ns Inductive Fall Time @ 25°C (Typ) 

1 50 ns Inductive Crossover Time @ 25°C (Typ) 

400 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



8 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS 
1 50 WATTS 


Designer's Data for 
“Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
“worst case" design. 



MAXIMUM RATINGS 


Rating 

Symbol 

MJ13080 

MJ13081 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

750 

Vdc 

Emitter Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 


8.0 

Adc 

— Peak (1) 

•cm 


12 


Base Current — Continuous 

•b 


3.0 

Adc 

— Peak (1 ) 

•bm 


6.0 


Total Power Dissipation @ Tq= 25°C 

Pd 


150 

Watts 

@ T c = 100°C 



85.5 


Derate above 25°C 



0.86 

W/°C 

Operating and Storage Junction 

T J> T stg 


-65 to +200 

°C 

Temperature Range 



. 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.17 

°C/W 

Maximum Lead Temperature for Soldering 


Tl 

275 

°C 

Purposes: 1/8" from Case for 5 Seconds 





(1) Pulse Test: Pulse Width = 5 ms. 

Duty Cycle ^ 10%. 
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MJ13080. MJ13081 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted| 

~~ Characteristic [ Symbol | Min j Typ | Max | Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 1) 

(l C = 100 mA, l B = 0) MJ13080 

MJ13081 

v CEO(sus) 

400 

450 

_ 

- 

Vdc 

Collector Cutoff Current 
• (Vcev = Rated Value, VgE(off) = 1 5 Vdc) 

(V C EV = Rated Value, V BE(off ) = 1 .5 Vdc, T c = 100°C) 

•CEV 

- 

- 

0.5 

2.5 

mAdc 

Collector Cutoff Current 
(Vce = Rated VcEV- RbE = 50 fl, Tc = 100°C) 

■CER 

— 

— 

3.0 

mAdc 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, l c = 0) 

*EBO 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 



ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 5.0 Adc, V C E = 3.0 Vdc 

h FE 

8.0 

_ 



— 

Collector-Emitter Saturation Voltage 

VcE(sat) . 




Vdc 

(l C = 5.0 Adc, l B = 1 .0 Adc) 


— 

— 

1.0 


(l C = 8.0 Adc, l B = 1.6 Adc) 


— 

— 

3.0 


dC = 5.0 Adc, l B = 1 .0 Adc, T c = 1 00°C) 


— 

— 

2.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 5.0 Adc, l B = 1.0 Adc) 


— 

— 

1.5 


(l C = 5.0 Adc, l B = 1.0 Adc, T c = 1 00°C) 


— 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 




pF 

(V CB =10Vdc, l E = 0, f t est= 1-0 kHz) 


— 

— 

300 



SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) 

Delay Time 

(V C c = 250 Vdc, l C = 5.0 Adc, 

Ifii =0.7 Adc, tp = 30 pts. 

Duty Cycle ^2%, V BE ( 0 ff) = 5.0 Vdc) 

td 

- 

0.025 

0.05 

/US 

Rise Time 

tr 

— 

0.10 

0.50 

Storage Time 

Is 

— 

0.50 

1.50 

Fall Time 

tf 

- 

0.15 

0.50 


Inductive Load, Clamped (Table 1 ) 


Storage Time 

(•C(pk) = 5.0 A, 

I B1 = 0.7 Adc, 
v BE(off) = 5.0 Vdc, 
V C E(pk) = 250 V) 

(Tj = 100°C) 

Isv 

— 

0.75 

2.20 

MS 

Crossover Time 

l c 

— 

0.22 

0.40 

Fall Time 

tfi 

— 

0.175 

0.35 

Storage Time 

(Tj = 25°C) 

tsv 

— 

0.40 

— 

Crossover Time 

tc 

— 

0.15 

— 

Fall Time 

tfi 

- 

0.10 

- 


(1 ) Pulse Test. PW - 300 M s, Duty Cycle <2%. 
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MJ13080, MJ13081 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% lei to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V C | amp 
tfj = Current Fall Time, 90-10% Iq 
ttj = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 
p SWT-'/2V cc l c |t c |f 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 



1.5 2 0 3.0 5.0 7 0 10 12 15 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 10 — CROSSOVER AND FALL TIMES 



FIGURE 1 1 - THERMAL RESPONSE 



0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1 2 3 5 10 20 30 50 100 200 300 500 1000 

l, TIME (ms) 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj(pk) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when T q > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 


FIGURE 14 - POWER DERATING 
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(M) MOTOROLA 


MJ 13090 
M113091 
MJH 13090 
MJH13091 


Designer’s Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line operated switch-mode applications 
such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads — 

1 50 ns Inductive Fall Time (Typ) 

Saturation Voltages 
Leakage Currents 


o 



MAXIMUM RATINGS 


Rating 

Symbol 

MJ13090 

MJ13091 

MJH13090 

MJH13091 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

400 

450 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

750 

650 

750 

Vdc 

Emitter-Base Voltage 

V E B 

60 

Vdc 

Collector Current 






Adc 

— Continuous 

•c 


15 



— Peak (1) 

•cm 


20 



Base Current 






Adc 

— Continous 

•b 


5.0 



— Peak (1) 

•bm 


10 



Total Device Dissipation 

Pd 


1 



Watts 

@ T c = 25°C 


175 

125 


@ T c = 100°C 


100 

50 


Derate above 25°C 


1.0 

1.0 

W/°C 

Operating and Storage 

TjTstg 

-65 to 200 

-55 to 1 50 

°C 

Junction Temperature 







Range 








THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 
Junction to Case 

R 0JC 

1.0 

°C/W 

Lead Temperature for 
Soldering Purposes, 1 /8" 
from Case for 5 Seconds. 

Tl 

275 

°c 


(1 ) Pulse Test: Pulse Width < 5.0 gs, Duty Cycle ^10%. 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor- 
I mation presented. Limit curves — representing boundaries on device characteristics — j 
are given to facilitate "worst case" design. 


15 AMPERE 

NPN SILICON 
POWER 

TRANSISTORS 

400 AND 450 VOLTS 
125 and 175 WATTS 
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ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage (Table 1 ) 

v CEO(sus) 




Vdc 

(l C = 100 mA. I B = 0) MJ1 3090, MJH1 3090 

400 

— 

— 


MJ1 3091, MJH1 3091 


450 

- 

- 


Collector Cutoff Current 

>CEV 




mAdc 

(Vcev = Rated Value, V BE ( 0 ff) =1.5 Vdc) 


— 

— 

0.5 


(Vcev = Rated Value, VbE( off) = 1 5 Vdc, ^C = 1 00°C) 


— 

— 

2.5 


Collector Cutoff Current 

>CER 

— 

— 

3.0 

mAdc 

(Vce = Rated Vc E v, RbE = 50 0. Tc = 100°C) 






Emitter Cutoff Current 

•ebo 

_ 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figures 12 and 13 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 14 



ON CHARACTERISTICS (1) 


DC Current Gain 

0C= 10 Adc, V C E = 3.0 Vdc 

hFE 

8.0 

— 

— 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 10 Adc, l B = 2.0 Adc) 


— 

— 

1.0 


dC = 1 5 Adc, l B = 3.0 Adc) 


— 

— 

3.0 


(l C = 10 Adc, l B = 2.0 Adc, Tc = 100°C) 


— 

— 

2.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 10 Adc. I B = 2.0 Adc) 


— 

— 

1.5 


(l C = 10 Adc, l B = 2.0 Adc, T C = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

— 

— 

350 

pF 

(V C B = 1 0 Vdc, l E = 0. ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(V CC = 250 Vdc, lc= 10 Adc, 

I B 1 = 1 .25 Adc, tp = 30 /ms, 

Duty Cycle ^2%, V BE ( 0 ff) = 5.0 Vdc) 

td 

— 

0.03 

0.05 

MS 

Rise Time 

t r 

— 

0.13 

0.50 

Storage Time 

is 

— 

0.55 

2.50 

Fall Time 

tf 

- 

0.10 

0.50 

Inductive Load, Clamped (Table 1 ) 

Storage Time 

('C(pk)= 10 A, 

I B1 =1.25 Adc, 
v BE(off) = 5.0 Vdc. 
V C E(pk)=250V) 

(Tj = 1 00°C) 

Isv 

— 

0.80 

3.00 

M S 

Crossover Time 

tc 

— 

0.175 

0.40 

Fall Time 

tfi 

— 

0.15 

0.30 

Storage Time 

(Tj = 25°C) 

tsv 

— 

0.50 

— 

Crossover Time 

t c 

— 

0.15 

— 

Fall Time 

tfi 

_ 

0.10 

- 


(1 ) Pulse Test: PW = 300 jxs, Duty Cycle < 2%. 
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MJ13090, MJ13091 , MJH13090, MJH1 


DC CHARACTE 



0.2 0.3 0.5 0.7 1 0 2.0 3.0 5.0 7.0 10 20 

l C . COLLECTOR CURRENT (AMPS) 


FIGURE 3 — COLLECTOR -EMITTER 
SATURATION VOLTAGE 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 


1C, COLLECTOR CURRENT (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION 
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VBE. BASE -EMITTER VOLTAGE (VOLTS) 
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MITTER VOLTAGE (VOLTS) 


FIGURE 2 — COLLECTOR SATURATION REGION 


1.3 



l B , BASE CURRENT (AMPS) 



0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 

IQ, COLLECTOR CURRENT (AMPS) 



1.0 10 100 1000 


V R , REVERSE VOLTAGE (VOLTS) 





MJ 13090, MJ13091, MJH13090, MJH13091 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 
















MJ13090, MJ13091, MJH13090, MJH13091 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined, 
tsv = Voltage Storage Time. 90% Ibi to 10 % V c | amp 
t rv = Voltage Rise Time, 10—90% V C | amp 
tfj = Current Fall Time, 90— 10% lc 
tti = Current Tail, 10—2% lc 
t c = Crossover Time, 1 0% V c | amp to 1 0% lc 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 


For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222: 
P S WT=1/2 V CC lc(t C )f 

In general, t rv + tfj — t c - However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user-oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t S v) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 


FIGURE 9 - STORAGE TIME 
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FIGURE 1 1 - THERMAL RESPONSE 
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The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 
MJ13090 and MJ13091 



FIGURE 13 - FORWARD BIAS SAFE OPERATING AREA 
MJH1 3090 and MJH1 3091 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than tbe curves indicate. 

The data of Figures 1 2 and 1 3 are based on Tc = 25°C; 
Tj(pk) is variable depending on power level. Second break- 
down pulse limitsare validforduty cycles to 10% but must 
be derated when Tc ^ 25°C. Second breakdown limita- 
tions do not derate the same as thermal limitations. Allow- 
able current at the voltages shown on Figures 1 2 and 1 3 
may be found at any case temperature by using the appro- 
priate curve on Figure 1 5. 

Tj(pk) may be calculated from the data in Figure 1 1 . At 
high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse-biased. 
U nder these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 
1 4 gives RBSOA characteristics. 



100 200 300 400 500 600 700 800 

V C E- COLLECTOR-EMITTER VOLTAGE (VOLTS) 



0 40 80 120 160 200 
Tq, CASE TEMPERATURE (°C) 
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MOTOROLA 


MJ13100 

MJ13101 


Designer’s Data Sheet 


SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13100 and MJ13101 transistors are designed for high- 

voltage, high-speed, power switching in inductive circuits where fall 

time is critical. They are particularly suited for line-operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Times 

30 ns Inductive Fall Time @ 25°C (Typ) 

50 ns Inductive Crossover Time @ 25°C (Typ) 

900 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +200°C 

100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS 
1 75 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 


Rating 

Symbol 

MJ13100 

MJ13101 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

750 

Vdc 

Emitter Base Voltage 

Veb 

60 

Vdc 

Collector Current — Continuous 

•c 

20 

Adc 

— Peak (1 ) 

>CM 

30 


Base Current — Continuous 

■b 

10 

Adc 

— Peak (1 ) 

'BM 

15 


Total Power Dissipation @ Tq = 25°C 

Pd 

175 

Watts 

@ T c = 100°C 


100 


Derate above 25°C 


1.0 

W/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +200 

°C 

Temperature Range 





Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1 /8" from Case for 5 Seconds 

Tl 

275 

°c 

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle s$ 10%. 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic Symbol | Min I Typ ~T Max p Unit 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 1 ) v CEO(sus) 

(l C = 100 mA, l B = 0) MJ13100 

MJ13101 

400 

450 


- 

Vdc 

Collector Cutoff Current *CEV 

(VceV = Rated Value, VgE(off) = 1-5 Vdc) 

(V C EV = Rated Value, V B E(off) = 1 5 Vdc, T C = 1 00°C) 

- 

- 

0.5 

2.5 

mAdc 

Collector Cutoff Current ICER 

(Vce = Rated VQEV- RbE = 50 0, Tq = 100°C) 



— 

3.0 

mAdc 

Emitter Cutoff Current *EB0 

(V EB = 6.0 Vdc, l C = 0) 


— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased lg/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased RBSOA 

See Figure 13 



ON CHARACTERISTICS (1 ) 


DC Current Gain 
(l C = 15 Adc, V CE = 3.0 Vdc 

h F E 

8.0 


40 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 15 Adc, l B = 3.0 Adc) 


— 

— 

1.0 


(lC = 20 Adc, l B = 4.0 Adc) 


— 

— 

3.0 


(l C = 1 5 Adc, l B = 3.0 Adc, T C = 1 00°C) 


— 

— 

2.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 15 Adc, l B = 3.0 Adc) 

i 

— 

— 

1.5 


(l C = 1 5 Adc, l B = 3.0 Adc, T C = 1 00°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

— 

450 

pF 

(V CB = 1 0 Vdc, l E = 0, ftest = 1 -0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

V CC = 250 Vdc, l C = 1 5 Adc, 

I B 1 = 2.0 Adc, t p = 30 ms. 

Duty Cycle ^2%, V BE ( 0 ff) = 5.0 Vdc) 

id 

- 

0.02 

0.05 

MS 

Rise Time 

tr 

— - 

0.13 

0.50 

Storage Time 

ts 

— 

0.90 

3.5 

Fall Time 

tf 

- 

0.10 

0.50 


Inductive Load, Clamped (Table 1) 


Storage Time 

('C(pk)=15A, 

I B 1 = 2.0 Adc, 
v BE(off) = 5 0 Vdc, 
V C E(pk)=250 V) 

(Tj = 100°C) 

fsv 

- 

1.25 

4.0 

MS 

Crossover Time 

x c 

— 

0.15 

0.50 

Fall Time 

tfi 

— 

0.13 

0.40 

Storage Time 

(Tj = 25°C) 

fsv 

— 

0.90 

— 

Crossover Time 

x c 

— 

0.05 

_ 

Fall Time 

, tfi 1 

— 

0.03 

I 


(1 ) Pulse Test: PW - 300 /us, Duty Cycle <2% 
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Vce- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJ13100, MJ13101 


DC CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION 




FIGURE 3 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 



FIGURE 4 - BASE-EMITTER VOLTAGE 
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VBE. BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 — CAPACITANCE 
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MJ13100, MJ13 101 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


0 02 m P 100 



For switching and RBsoa- ~ 0 
For BVocn/,..,), R2 = 00 


^clamp — 250 V 

adjusted to attain 


INOUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


A O— (-[ ) 1N4937 | S | 

Input or I V L col 

See Above for Equivalent ^ Jj 



Test Equipment 
Scope - Tektronix 
475 or Equivalent 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - PEAK REVERSE CURRENT 
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MJ13100, MJ13101 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time. 90% I B1 to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time. 90-10% Iq 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222 : 

p swt = 1/2 Vcdc^c^ 

In general, t rv + tf ( — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 1 00°C. 


INDUCTIVE SWITCHING 


FIGURE 9 — STORAGE TIME 



1C. COLLECTOR CURRENT (AMPS) 


FIGURE 10 - CROSSOVER AND FALL TIMES 



1C, COLLECTOR CURRENT (AMPS) 


FIGURE 11 - THERMAL RESPONSE 











Ic, COLLECTOR CURRENT (AMPS) >C- COLLECTOR CURRENT (AMPS) t. TIME ( ) 


MJ13100, MJ13101 


The Safe Operating Area figures shown in figure 12 and 13 are 
specified for these devices under the test conditions shown 


SAFE OPERATING AREA INFORMATION 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - REVERSE BIAS SAFE OPERATING AREA 



FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc— V qe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 2 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 2 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 4 

Tj(pk) may be calculated from the data in Figure 1 1. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjectedtoan avalanche mode. Figure 1 3 
gives the RBSOA characteristics. 


FIGURE 14 - POWER DERATING 
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MOTOROLA 


MJ13330 

MJ13331 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13330 and MJ 13331 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated 
switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Fast Turn-Off Time 

75 ns Inductive Fall Time— 25°C (Typ) 

150 ns Inductive Crossover Time— 25°C (Typ) 

900 ns Inductive Storage Time— 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for; 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 

Rating 

Symbol 

MJ13330 

MJ13331 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

200 

250 

Vdc 

Collector-Emitter Voltage 

V CEV 

400 

450 

Vdc 

Emitter Base Voltage 

V EB 

6 

Vdc 

Collector Current — Continuous 


1 


20 


Adc 

- Peak (1) 

•cm 


30 



Base Current - Continuous 

1 

B 


10 


Adc 

- Peak (1 ) 

>BM 


20 



Total Power Dissipation @ T^ = 25°C 

Pd 


175 


Watts 

@T C = 100°C 




100 



Derate above 25°C 





1 


W/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 

°C/W 

Maximum Lead Temperature for Soldering 


Tl 


275 


°C 

Purposes: 1/8” from Case for 5 Seconds 







(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle <5 10%. 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

200 and 250 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 




2 m IS SEATING PLANE AND DATUM 
3. POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

| + | >.13 (0-005) © 1 T 1 V © 1 

FOR LEADS 

| ♦ [ ♦■13(0 005) ©T | V©[ 0®] 


STYLE 1 
PIN I BASE 
2 EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

~Tl 

- 

39 37 

- 

1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7 62 

0.250 

0 300 

D 

0.97 

1 09 

0.038 

0 043 

E 

1.40 

1.78 

0.055 

0.070 

F 

30.1 

BSC 

1 18 

BSC 

G 

10.92 BSC 

0.430 BSC 

H 

5 46 BSC 

021 

BSC 

J 

16.89 BSC 

0 66 

BSC 

K 

11 18 

12.19 

0.440 

0 480 

Q 

3 81 

4.19 

0.150 

0.165 

R 

- 

26.67 

- 

1 050 

U 

4.83 

5.33 

0190 

0.210 

V 

3.81 

4.19 

0.150 

0 165 


Similar device types with higher Vq^q ratings are: MJ13332 (350 V) thru MJ13335 (500 V). 




MJ 13330, MJ 13331 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted). 

Characteristic 1 Symbol | Min | Typ | Max | Unit^ 

OFF CHARACTERISTICS ~ ~~~ 


Collector-Emitter Sustaining Voltage (Table 1) 

(l C = 100 mA, l B =0) MJ13330 

MJ13331 

v CEO(sus) 

200 

250 



Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, V BE ( 0 ff) = 1 .5 Vdc) 

(V C EV = Rated Value, V BE ( off ) = 1 .5 Vdc, T c = 150°C) 

*CEV 

- 


0.25 

5 

mAdc 

Collector Cutoff Current 

(V CE = Rated V CEV , RbE = 50 T C = 100°C) 

*CER 

— 

_ 

5 

mAdc 

Emitter Cutoff Current 
(V EB =6 Vdc, Iq = 0) 

•ebo 

~~ 

~ 

0.5 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

'S/b 

See Figure 12 


Clamped Inductive SO A with base reverse biased 

RBSOA 

See Figure 13 



ON CHARACTERISTICS (1) 


DC Current Gam 

(Iq = 5 Adc, VcE = ^ Vdc) 

(lC = 10 Adc, Vce = 5 Vdc) 

t»FE 

15 

8.0 

- 

75 

40 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lc = 10 Adc, l B = 1.5 Adc) 


_ 

- 

1.5 


(Iq = 20 Adc, l B = 5 Adc) 


_ 

- 

3.5 


(l C = 10 Adc, l B = 1.8 Adc, T C = 100°C) 


- 

- 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 10 Adc, l B = 1.5 Adc) 


- 

- 

1.8 


(l c = 10 Adc, l B = 1.8 Adc, T c = 100°C) 

! 

1 

I j 

I 1 

1.8 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l c = 300 mAdc, V CE = 10 Vdc, f test = 1 MHz) 

*T 

5 

- 

40 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 100 kHz) 

^ob 

100 

- 

400 

PF 


SWITCHING CHARACTERSITICS 


Resistive Load (Table 1) ] 

Delay Time 

(Vce - 1 75 Vdc, lc = 10A, l B i =1.5 Adc, 
v BE(off) = 5 Vdc < ip = 50 ms, Duty Cycle < 2%) 

td 

- 

0.08 

0.20 

MS 

Rise Time 

t r 

- 

0.55 

1.0 

MS 

Storage T ime 

ts 

1 

0.70 

3.5 

MS 

Fall Time 

tf 

- 

0.11 

OiZ 

MS 

Inductive Load, Clamped (Table 1) 

Storage T ime 

(l c = 10 A(pk), V c | amp = 200 Vdc, I B1 = 1.8 Adc, 
v BE(off) = 5 Vdc,T C = 100°C) 

(l c = 10 A(pk), V c | amp = 200 Vdc, I B1 =1.5 Adc, 
^BE(off) = 5 Vdc, T c - 25°C) 

Isv 

- 

1.35 

4.5 

MS 

Crossover T ime 

l c 

- 

0.45 

1.8 

MS 

Storage Time 

Uv 

- 

0.90 

- 

MS 

Crossover Time 

tc 

- 

0.15 

- 

MS 

Fall T ime 

tf, 

- 

0.075 

- 

MS 


(1 ) Pulse Test' PW = 300 jus. Duty Cycle < 2%. 
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MJ13330, MJ 13331 


DC CHARACTERISTICS 



0.2 0.5 1.0 2 0 5.0 10 20 

l C , COLLECTOR CURRENT (AMP) 


FIGURE 3 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 
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l c , COLLECTOR CURRENT (AMP) 
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l B , BASE CURRENT (AMP) 


FIGURE 4 - BASE-EMITTER VOLTAGE 
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Iq, COLLECTOR CURRENT (AMP) 
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'B2(pk)' BASE CURRENT (AMP) 


MJ 13330, MJ13331 


1.3 



TIME 


FIGURE 8 - REVERSE BASE CURRENT 
versus BASE EMITTER VOLTAGE 



SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I b 1 to 10% V c | amp 
t rv = Voltage Rise Time, 10—90% V C | am p 
tfj = Current Fall Time, 90—10% Iq 
tti = Current Tail, 10 — 2% Iq 
t c = Crossover Time, 1 0% V c | amp to 1 0% lc 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 Vcc'C^c^ 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at. 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING 



1 -704 





MJ 13330, MJ13331 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 



50 n > >ioon 


All Diodes - 1N4934 430 | 39 Cl 

All NPN - MJE200 f 

All PNP - MJE210 ^ 250MF 

Adjust R 1 to obtain Ig-j 

For switching and RBSOA, R2 = 0 

ForBV CEO(sus) ,R2 = oo 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 



) rti 

| > | R COll 

| S | 

I } I L COll 

L 




TUT^_ ^ 


Scope — Tektronix 
475 or Equivalent 


FIGURE 11 - THERMAL RESPONSE 



SINGLE PUlSEf- 


ETUI 

TT-I 

DUTY CYCLE, 0 = tj/t2 


ZtfJC(t) "= hO «0JC 
R(jjC = 1°C/W Max 

D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME AT ti 

Tj(pk) ~ Tc = P(pk) ZflJC(t) 








lc(pk). PEAK COLLECTOR CURRENT (AMPS) l c , COLLECTOR CURRENT (AMP) 


MJ 13330, MJ13331 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



0 I I l I I I I 1 1 1 I 

0 100 200 300 400 500 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq— ^CE 
limits of the transistor that must be observed for reliable 
operation, i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) m ay b e calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 
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MOTOROLA 


MJ13332 MJ13334 
MJ13333 MJ13335 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJ13332 through MJ 13335 transistors are designed for 
high-voltage, high-speed, power switching in inductive circuits where 
fall time is critical. They are particularly suited for line operated 
switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast T urn-Off Times 

200 ns Inductive Fall Time— 25°C (Typ) 

1 .8 jiis Inductive Storage Time— 25°C (Typ) 

Operating Temperature Range -65 to +200°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



MAXIMUM RATINGS 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

350-500 VOLTS 
175 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 


Rating 

Symbol 

MJ13332 

MJ13333 

MJ13334 

LO 

00 

00 

00 

-5 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

350 

400 

450 

500 

Vdc 

Collector-Emitter Voltage 

VCEV 

650 

700 

750 

800 

Vdc 

Emitter Base Voltage 

< 

m 

CD 

6.0 

Vdc 

Collector Current — Continuous 

•c 


20 


Adc 

Peak (1) 

•cm 


30 



Base Current — Continuous 

•b 


10 


Adc 

Peak (1) 

•bm 


15 



Total Power Dissipation @ Tq = 25°C 

Pd 


175 


Watts 

@ T C = 100°C 



100 



Derate above 25°C 



1.0 


W/°C 

Operating and Storage Junction 

T J' T stg 


-65 to +200 


°C 

Temperature Range 








THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.0 

°C/W 

Maximum Lead Temperature for Soldering 

Purposes: 1/8" from Case for 5 Seconds 

T L 

275 

°C 

(1 ) Pulse Test- Pulse Width = 5 ms, Duty Cycle < 10%. 

Similar device types available with lower Vqeq ratings, see the MJ13330 (200 V) and 

MJ13331 (250 V). 







2 m IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

| » 1 > 13(0005)© | T | V© 1 

FOR LEAPS 

[ + 1 ♦ 13 (0 005)® T | V® | Q©) 


STYLE 1 
PIN 1 BASE 
2 EMITTER 
CASE COLLECTOR 


0 038 I 0 043 
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MJ 13332, MJ13333, MJ13334, MJ13335 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic J Symbol | Min | Typ | Max | Unit ] 

OFF CHARACTERISTICS ~~~ 


Collector-Emitter Sustaining Voltage (Table 1) MJ13335 

(l C = 100 mA, l B =0) MJ13334 

MJ 13333 
MJ13332 

v CEO(sus) 

500 

450 

400 

350 

- 

- 

Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, Vg E ( 0 ff) = 1 .5 Vdc) 

(V C EV = Rated Value, V BE (off) = 1.5 Vdc, Tc = 150°C) 

'CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(V C e = Rated V CEV , R B E = 50 T C = 100°C) 

'CER 



5.0 

mAdc 

Emitter Cutoff Current 
(V E b = 6.0 Vdc, Iq = 0) 

'ebo 

“ 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1) 


DC Current Gam 

(Iq = 5.0 Adc, Vce = 5.0 Vdc) 

h F E 

10 

~ 

60 

“ 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(IC = 10 Adc, l B = 2.0 Adc) 


- 

- 

1.8 


(l c = 20 Adc, l B = 6.7 Adc) 


- 

- 

5.0 


(l C = 10 Adc, Ib = 2.0 Adc, T c = 100°C) 


- 

- 

2.4 


Base-Emitter Saturation Voltage 

V BE (sat) 




Vdc 

(l c = 10 Adc, l B = 2.0 Adc) 


- 

- 

1.8 


0C = 10 Adc, l B = 2.0 Adc, T c = 100°C) 


- 

- 

1 8 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

125 

- 

500 

pF 

(V C b = 10 Vdc, l E = 0, f test = 1 -0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(V CC = 250 Vdc, l C = 10 A, 

IB 1 = 2.0 A, VBE(off) = 50 Vdc, t p = 10 ps. 

Duty Cycle < 2.0%) 

id 

- ' 

0.02 

0.1 

MS 

Rise Time 

t r 

- 

0.3 

0.7 

MS 

Storage Time 

l s 

- 

1.6 

4.0 

MS 

Fall Time 

tf 

- 

0.3 

0.7 

MS 

Inductive Load, Clamped (Table 1 ) | 

Storage Time 

(l C = 10 A(pk), V clamp = 250 Vdc, I B1 = 2.0 A, 
V B E(off) = 5Vdc,T G = 100°C) 

tsv 

- 

2.5 

5.0 

MS 

Crossover Time 

l c 

. ~ 

0.8 

2.0 

MS 

Storage T ime 

(1C = 10 A(pk) , V c | amp = 250 Vdc, I B1 = 2.0 A, 
V B E(off) = 5Vdc, T C = 25°C) 

tsv 


1.8 

- 

MS 

Crossover T ime 

tc 

_ 

0.4 

- 

MS 

Fall Time 

tfi 


0.2 

“ 

MS 


(1 ) Pulse Test: PW - 300 jus. Duty Cycle < 2%. 
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MJ 13332, MJ 13333, MJ13334, MJ 13335 



0.2 0 5 1.0 2 0 5.0 10 20 

l c , COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 
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l B ,BASE CURRENT (AMP) 


FIGURE 3 - COLLECTOR-EMITTER SATURATION REGION 
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V BE , BASE-EMITTER VOLTAGE (VOLTS) 




Vr. REVERSE VOLTAGE (VOLTS) 
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MJ 13332, MJ 13333, MJ13334, MJ13335 


SWITCHING TIMES NOTE 



TIME 

FIGURE 8 - REVERSE BASE CURRENT versus 
v BE(off) WITH NO EXTERNAL BASE RESISTANCE 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I B1 to 10% V c | am p 
t rv = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time, 90-10% lc 
t t j = Current Tail, 10-2% Iq 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 
P SWT = 1/2 v CC'c (t c )f 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN-ON SWITCHING TIMES FIGURE 10 - TURN-OFF SWITCHING TIMES 
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MJ 13332, MJ 13333, MJ13334, MJ 13335 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


Z 

HO 

2E 

ZQ 
“ 2 
O 


+ io v ; 

20 

o —I I— 


PW Varied to Attain 
lr = 100 mA 



For BV CEO ( S us)- r2 = ° 


TURN ON TIME 



1 3i adjusted to 
obtain the forced 
hp g desired 
TURN OFF TIME 
Use inductive switching 
driver as the input to 
the resistive test circuit 


I- C/J 

5< 
o > 


= 80 mH V cc = 10 V 


L coil = 180 pH 
R coil = o 05 n 

v cc = 20 V 


v clamp = 250 V 
Rg adjusted to atl 


Pulse Width = 10 ms 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 


See Above for 
Detailed Conditions 




t-j Adjusted to 
Obtain lc 

~ Lco,|( ' C pl< ) 
t ' i V CC 

t .. L co,.('c pk ) 

2 "' vclamp ' 

T est Equipment 
Scope — Tektronix 
475 or Equivalent 



1.3 


FIGURE 11 - THERMAL RESPONSE 
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l c(pk) , PEAK COLLECTOR CURRENT (AMPS) l c , COLLECTOR CURRENT (AMP) 


MJ 13332, MJ13333, MJ 13334, MJ 13335 


SAFE OPERATING AREA INFORMATION 



V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 400 500 


FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor, average junction temperature and second 
breakdown. Safe operating area curves indicate lc — ^CE 
limits of the transistor that must be observed for reliable 
operation, i e , the transistor must not be subjected to 
greater dissipation than the curves indicate 

The data of Figure 12 is based on Tq = 25°C, Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 



0 40 80 120 160 200 

Tc. CASE TEMPERATURE |°C) 
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MOTOROLA 


NPN PNP 

MJ 14000 MJ14001 
MJ 14002 MJ14003 


HIGH-CURRENT COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for use in high-power amplifier and switching circuit 
applications. 

• High Current Capability — Iq Continuous = 60 Amperes 

• DC Current Gain — hp£ = 15- 100 @ l£ ~ 50 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 2.5 Vdc (Max) @ Iq = 50 Adc 


60 AMPERES 

COMPLEMENTARY SILICON 
POWER TRANSITORS 

60-80 VOLTS 
300 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ14000 

MJ14001 

MJ14002 

MJ14003 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

v CBO 

60 

80 

Vdc 

Emitter-Base Voltage 

v EBO 

5 

Vdc 

Collector Current — Continuous 

>c 

60 

Adc 

Base Current — Continuous 

•b 

15 

Adc 

Emitter Current — Continuous 

■e 

75 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 

Pd 

300 

1.7 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.584 

°C/W 




FIGURE 1 - POWER DERATING 
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STYLE 1. 

PIN 1. BASE 
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CASE 197-01 
TO-204AE 
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MJ 14000, MJ14002 NPN, MJ14001, MJ14003 PIMP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic I Symbol I Min I Max I Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(Iq= 200 mAdc, l B =0) 

MJ14000, MJ14001 
MJ14002, MJ14003 

VcEO(sus) 

60 

80 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mA 

(Vqe = 30 Vdc, l B = 0) 

MJ14000, MJ14001 


- 

1.0 


(V CE = 40 Vdc, l B = 0) 

MJ14402, MJ 14003 


- 

1.0 


Collector Cutoff Current 


'CEX 



mA 

(V CE = 60 Vdc,V BE(off) = 1.5 V) 

MJ14000, MJ14001 


- 

1.0 


(V CE = 80 Vdc, V BE ( 0 ff) = 1.5 V) 

MJ14002, MJ14003 


- 

1.0 


Collector Cutoff Current 


'CBO 



mA 

(Vqb = 60 Vdc, l E = 0) 

MJ14000, MJ14001 


- 

1.0 


(V CB =80 Vdc, l E = 0) 

MJ14002, MJ14003 


- 

1.0 


Emitter Cutoff Current 


'ebo 

- 

1.0 

mA 

(V BE = 5 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (1 ) 

( 1 q = 25 Adc, Vq E = 3.0 V) 

(l C = 50 Adc, V CE =3.0 V) 

(1 C = 60 Adc, V CE =3.0 V)* 

h FE 

30 

15 

5 

100 

' 

Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l C = 25 Adc, l B = 2.5 Adc) 


- 

1 


(Iq = 50 Adc, l B = 5.0 Adc) 


- 

2.5 


(l C = 60 Adc, l B = 12 Adc) 


- 

3 


Base-Emitter Saturation Voltage (1) 

v BE(sat) 



Vdc 

(l C = 25 Adc, l B = 2.5 Adc) 


- 

2 


(Iq = 50 Adc, l B = 5.0 Adc) 


- 

3 


(Iq = 60 Adc, l B = 12 Adc) 

1 

- 

4 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

2000 

pF 

(Vq B = 10 Vdc, l E = 0, f = 0.1 MHz) 






(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 


FIGURE 2 - MAXIMUM RATED FORWARD BIASED 
SAFE OPERATING AREA 



1 0 2 0 3.0 5 0 7 0 10 20 30 50 70 100 

VcE. COLLECTOR - EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vq E limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of F igure 2 is based on T j( p k) = 200°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) <s200°C. Tj( p |<) may be 
calculated from the data in Figure 13. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 
(See AN-415) 
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V, VOLTAGE (VOLTS) Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) h EE , DC CURRENT GAIN 


MJ 14000, MJ 14002 NPN, MJ14001, MJ14003 PNP 


TYPICAL ELECTRICAL CHARACTERISTICS 


NPN 

MJ14000, MJ14002 


PNP 

MJ14001, MJ 14003 



3 qU-U I I I 1 — L- L -Li .1 J I I 1 I — I — 1—1 

0 7 10 2 0 3 0 5 0 7 0 10 20 30 50 70 

1C. COLLECTOR CURRENT (AMPS) 



3qI.-I.I-I I I I 1 1 I 1 J 11 I I J I 1 1. 1 

0 7 1 0 2 0 3 0 5 0 7 0 10 20 30 50 70 

1C. COLLECTOR CURRENT (AMPS) 



FIGURE 6 - COLLECTOR SATURATION REGION 




0 LUJ I I I I L-J— LLU I I I I L J- J 

0 7 1 0 2 0 3 0 5 0 7 0 10 20 30 50 70 

1C, COLLECTOR CURRENT (AMPS) 



1C, COLLECTOR CURRENT (AMPS) 
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r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) C, CAPACITANCE (pF) __ t, TIME (»s) 


MJ14000, MJ14002 NPN, MJ14001, MJ14003 PNP 


1.3 


FIGURE 9 - TURN-ON SWITCHING TIMES 


1.0 

0.7 



0 01 L-LU I I I L 1 -JLLLLJ I I I L.J J_l 

0 7 1 0 2 0 3 0 5 0 7 0 10 20 30 50 70 

1C, COLLECTOR CURRENT (AMPS) 



04 L-LLJ I I I [..Li .1 .1 1 I I I L_i_l 

0 7 1 0 2 0 3 0 5 0 7 0 10 20 30 50 70 

1C. COLLECTOR CURRENT (AMPS) 


FIGURE 11 - CAPACITANCE VARIATION 


— 

= 

— 

= 

= 

= 

3 

I 

E 

— 

= 

= 

= 

— 

= 

— 

= 

- 


















































































— , 

















Cjb 



C 

b 


- 

"Cob 









_ 

L- 

_ 


= 

= 


I Cr 

Tf 


- 




= 

— 



zz 

= 

z 

= 






7 















j 







































IJ=^0 =0 


















MJ14001 , MJ 14003 (PN 

1 1.1 III LJ 

Y) — 
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lH 









1001 1 I I I 1 1. L .1 1 I 1 1 » I I [ I I 1 I 

1.0 2.0 3 0 5 0 7 0 10 20 30 50 70 100 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 12 - SWITCHING TEST CIRCUIT 




FOR CURVES OF FIGURES 3 & 6, Re & Rl ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN CIRCUITS, REVERSE ALL POLARITIES. 


FIGURE 13 - THERMAL RESPONSE 
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MOTOROLA 


NPN 

MJ15001 

PNP 

MJ15002 


COMPLEMENTARY SILICON POWER TRANSISTORS 


The MJ15001 and MJ 15002 are EPIBASE power transistors 
designed for high power audio, disk head positioners and other 
linear applications. 


• High Safe Operating Area (100% Tested) — 

200 W @ 40 V 
50 W@ 100 V 

• For Low Distortion Complementary Designs 

• High DC Current Gain — 

hFE = 25 (Min) @ lc = 4 Adc 


15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

140 VOLTS 
200 WATTS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

140 

Vdc 

Collector-Base Voltage 

v CBO 

140 

Vdc 

Emitter-Base Voltage 

v EBO 

5 

Vdc 

Collector Current — Continuous 

•c 

15 

Adc 

Base Current — Continuous 

•b 

5 

Adc 

Emitter Current — Continuous 

>E 

20 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

200 

1.14 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 


-65 to +200 

°C 

[ THERMAL CHARACTERISTICS 1 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

0.875 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/16” from Case for <10s. 

t L 


°c 



1 

A — 

h— 1 "I 

c 

1 

i- 

r-J U 


r 

E s 

/- 

EATING 

-T 

=! L 



PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 
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Collector connected to c< 
CASE 11-01 
TO-3 
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MJ15001 NPN 
MJ15002PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


\ Characteristic j 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(In = 200 mAdc, Ir = 0) 


140 

- 

Vdc 

Collector Cutoff Current 

'CEX 

- 



( Vce = 140 Vdc, VgE(off) “ 1.5 Vdc) 



100 


(V CE = 140 Vdc, Vg E ( 0 ff) = 1.5 Vdc, T c = 150°C) 



2 


Collector Cutoff Current 

'CEO 

- 

250 

MAdc 

(V C E * 140 Vdc, l B = 0) 





Emitter Cutoff Current 

'EBO 

- 

100 

MAdc 

(V EB = 5 Vdc, l C =0) 





SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

>S/b 



Adc 

(Vce = 40 Vdc, t = 1 s (non-repetitive)) 


5 

- 


(Vce = 100 Vdc, t = 1 s (non-repetitive) 


0.5 

- 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 4 Adc,V CE = 2 Vdc) 

hFE 

25 

150 

“ 

Collector-Emitter Saturation Voltage 
(l c = 4 Adc, l B = 0.4 Adc) 

v CE(sat) 

— 

1 

Vdc 

Base-Emitter On Voltage 
(l c = 4 Adc, V CE = 2 Vdc) 

v BE(on) 

~ 

2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l C = 0.5 Adc, V CE = 10 Vdc, f test = 0.5 MHz) 

IT 

2 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 1 MHz) 

Cob 


1000 

pF 


(1 ) Pulse Test: Pulse Width = 300 ms, Duty Cycle < 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vq E limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj( p |<) = 200°C;Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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MJ15001NPIM 

MJ15002PNP 


TYPICAL CHARACTERISTICS 



1.5 2 3 5 7 10 20 30 50 70 100 150 

Vr, REVERSE VOLTAGE (VOLTS) 



0 I I I I 1.1.1 1 I I I I I I III 

0.1 0.2 0.3 0.5 0.7 1 2 3 5 7 10 


1C. COLLECTOR CURRENT (AMP) 


FIGURE 4 - DC CURRENT GAIN 


MJ15001 



0.2 0.3 0.5 0.7 1 2 3 5 7 10 20 


1C, COLLECTOR CURRENT (AMP) 



0 2 0.3 0.5 0 7 1 2 3 5 7 10 20 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 5 - "ON" VOLTAGE 

MJ15001 MJ15002 
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MJ15003 npn 
MJ15004 pnp 




MOTOROLA 


COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15003 and MJ15004 are PowerBase power 
designed for high power audio, disk head positioners 
linear applications. 

transistors 

and other 

• High Safe Operating Area (100% Tested) - 
250 W @ 50 V 


• For Low Distortion Complementary Designs 


• High DC Current Gain - 

hFE = 25 (Min) @ lc = 5 Adc 



20 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

140 VOLTS 
250 WATTS 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

140 

Vdc 

Collector-Base Voltage 

v CBO 

140 

Vdc 

Emitter-Base Voltage 

v EBO 

5 

Vdc 

Collector Current — Continuous 

*C 

20 

Adc 

Base Current — Continuous 

>B 

5 

Adc 

Emitter Current — Continuous 

>E 

25 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

PD 

250 

1.43 

Watts 

W/°C 

Operating and Storage Junction 

Temperature Range 

Tj.Tjtg 

-65 to +200 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.70 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1/16" from Case for <10s. 

Tl 

265 

°c 
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Collector connected to case. 
CASE 11-01 
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MJ15003 NPN 


MJ15004 PNP 


*ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic | Symbol [ Min j Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(1C 200 mAdc, l B 0) 

v CEO(sus) 

140 

- 

Vdc 

Collector Cutoff Current 

'CEX 




( V CE = 140 Vdc, V BE ( off ) = 1 .5 Vdc) 

_ 

100 

MAdc 

( V CE - 140 Vdc, V BE(off , = 1 .5 Vdc, T C = 1 50°C) 



2 

mAdc 

Collector Cutoff Current 
<V CE 140 Vdc, l B =- 0) 

'CEO 

“ 

250 

MAdc 

Emitter Cutoff Current 
(V EB - 5 Vdc, l c = 0) 

'EBO 


100 

MAdc 


SECOMD BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 



Adc 

(Vce ~ 50 Vdc, t - 1 s (non-repetitive) 

5 

- 


(Vce “ 100 Vdc, t = 1 s (non-repetitive) 


1 

- 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 5 Adc, V CE = 2 Vdc) 

h FE 

25 

150 


Collector-Emitter Saturation Voltage 
(l c = 5 Adc, l B = 0 5 Adc) 

v CE(sat) 


1 

Vdc 

Base-Emitter On Voltage 

(l c = 5 Adc, V CE = 2 Vdc) 

v BE(on) 

_ 

2 

1 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 




MHz 

(1C - 0.5 Adc, V CE - 10 Vdc, f test - 0.5 MHz) 


2 

- 


Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 1 MHz) 

^ob 


1000 

pF 


( 1 ) Pulse Test Pulse Width = 300 ms, Duty Cycle = 2%. 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 
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There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - limits of the tran- 
sistor that must be observed for reliable operation; i.e,, the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj( p |<) = 200°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 


VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 











MOTOROLA 


NPN PNP 

MJ15011 MJ15012 


Advance Information 


COMPLEMENTARY SILICON POWER TRANSISTORS 

The MJ15011 and MJ15012 are Power Base power transistors 
designed for high-power audio, disk head positioners, and other 
linear applications. These devices can also be used in power 
switching circuits such as relay or solenoid drivers, dc-to-dc 
converters or inverters. 

• High Safe Operating Area (100% Tested) 

1.2 A @ 100 V 

• Completely Characterized for Linear Operation 

• High DC Current Gain and Low Saturation Voltage 

h FE = 20 (Min) @ 2 A, 2 V 

v CE(sat) = 2.5 V (Max) @ |q = 4 A, Ig = 0.4 A 

• For Low Distortion Complementary Designs 


10 AMPERE 

COMPLEMENTARY 
POWER TRANSISTORS 

250 VOLTS 
200 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

250 

Vdc 

Collector-Emitter Voltage 

VCEX 

250 

Vdc 

Emitter-Base Voltage 

< 

m 

□0 

5 

Vdc 

Collector Current — Continuous 

•c 

10 

Adc 

- Peak (1) 

•cm 

15 


Base Current — Continuous 

•b 

2 

Adc 

- Peak (1) 

•bm 

5 


Emitter Current — Continuous 

•e 

12 

Adc 

— Peak (1 ) 

'em 

20 


Total Power Dissipation @ Tq = 25°C 

Pd 

200 

Watts 

Derate above 25°C 


1.14 

W/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +200 

°C 

Temperature Range 




THERMAL CHARACTERISTICS [ 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.875 

°C/W 

Maximum Lead Temperature for 


265 

6 C 

Soldering Purposes 




(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


ZL 


i B 


SEATING 

PLANE 



STYLE 1: 

PIN 1. BASE N 0 TE; 

2. EMITTER 1. DIM "Q" IS DIA. 

CASE: COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

0 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 


Collector connected to case. 
CASE 11-01 
(TO-3) 


1.3 



This is advance information and specif ications are subject to change without notice. 


1-723 




h FE , DC CURRENT GAIN 


MJ15011NPN, MJ15012 PIMP 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

(I C = 100 mA) 

v CEO(sus) 

250 

- 

Vdc 

Collector Cutoff Current 
(V C e = 200 Vdc) 

*CEO 

- 

1 

mAdc 

Collector Cutoff Current 

(V CE = 250 Vdc, V BE(of f) = 1 .5 Vdc) 

>CEX 

- 

500 

MAdc 

Emitter Cutoff Current 
<V BE = 5Vdc) 

'EBO 

— 

500 

i 

MAdc 


ON CHARACTERISTICS (1) 


DC Current Gam 

<I C = 2 Adc, V CE = 2 Vdc) 

(l c = 4Adc, V CE = 2 Vdc) 

h FE 

20 

5 

100 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 2 Adc, l B = 0.2 Adc) 


- 

0.8 


(l C = 4 Adc, l B = 0.4 Adc) 


- 

2.5 


Base-Emitter On Voltage 

v BE(on) 

- 

2 

Vdc 

(l C = 4 Adc, V CE = 2 Vdc) 






DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

- 

750 

pF 

(V C B = 10 Vdc, f = 1 MHz) 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 



Adc 

(V CE =40. Vdc, t = 0.5 s) 


5 

- 


<V CE = 100 Vdc, t = 0.5 s) 


1.4 

- 



(1) Pulse Test: Pulse Width = 300 jus. Duty Cycle < 2%. 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



10 ] 

5 


2 

1 

05 


0.2 1 
01 


BONDING WIRE LIMIT 

THERMAL LIMIT@Tc = 25°C 

(SINGLE PULSE) 
SECOND BREAKDOWN LIMIT 

20 30 50 70 100 


150 


200 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 





<&> 


MOTOROLA 


NPN 

MJ15022 

MJ15024 


16 AMPERE 


SILICON POWER TRANSISTORS 


SILICON 

POWER TRANSISTORS 


The MJ15022 and MJ15024 are PowerBase power transistors 
designed for high power audio, disk head positioners and other 
linear applications. 


200 and 250 VOLTS 
250 WATTS 


High Safe Operating Area (100% Tested) - 
2 A @ 80 V 


High DC Current Gain — 

hpE = 15 (Min) @ Iq = 8 Adc 



— A 

C 

u 

1 * 


J L_ 

K 

E D 

SEATING 

L 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ 15022 

MJ15024 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

250 

Vdc 

Collector-Base Voltage 

VCBO 

350 

400 

Vdc 

Emitter-Base Voltage 

v EBO 

5 

Vdc 

Collector-Emitter Voltage 

V CEX 

400 

Vdc 

Collector Current — Continuous 

*C 

16 

Adc 

Peak (1 ) 


30 


Base Current — Continuous 

>B 

5 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

250 

Watts 

Derate above 25°C 


1.43 

W/°C 

Operating and Storage Junction 

T J < ^stg 

-65 to +200 

°C 



STYLE 1: 

PIN 1. BASE 
2. EMITTER 
CASE: COLLECTOR 


NOTE: 

1. DIM "Q" IS DIA. 


Temperature Range 


I MILLIMETERS! INCHES 


THERMAL CHARACTERISTICS 

Characteristic S 

Thermal Resistance, Junction to Case 
(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


DIM 

MIN 

MAX 

MIN 

MAX 

A 


39.37 


1.550 

B 

- 

21.08 

- 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.99 

1.09 

0.039 

0.043 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.33 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

- 

26.67 

- 

1.050 




Collector connected to case. 

CASE 1-04 

(TO-204A A) 



MJ15022, MJ15024 NPN 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 

| Characteristic | Symbol | Min \ Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(1C = 100 mAdc, Ib = 0) 

MJ15022 

MJ 15024 

VcEO(sus) 

200 

250 

- 


Collector Cutoff Current 


'CEX 




( V CE = 200 Vdc, V BE ( off ) = 1.5 Vdc) 

MJ15022 


- 

250 

MAdc 

(V C E = 250 Vdc, v BE(off) = 1 5 Vdc) 

MJ15024 


- 

250 


Collector Cutoff Current 


'CEO 



MAdc 

(V CE = 150 Vdc, l B =0) 

MJ15022 


- 

500 


(Vq E = 2 00 Vdc, l B = 0) 

MJ 15024 


- 

500 


Emitter Cutoff Current 


lEBO 

- 

500 

MAdc 

(Vq E = 5 Vdc, l B = 0) 

Both 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 



Adc 

(Vq E = 50 Vdc, t = 0.5 s (non-repetitive)) 


5 

- 


(Vce = 80 Vdc, t = 0.5 s (non-repetitive)) 


2 

- 



ON CHARACTERISTICS 


DC Current Gain 

(Iq = 8 Adc, Vq E = 4 Vdc) 

(l c = 16 Adc, V CE = 4 Vdc) 

LU 

LL 

x: 

15 

5 

60 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Iq = 8 Adc, l B = 0.8 Adc) 


- 

1.4 


(Iq = 16 Adc, l B = 3.2 Adc) 


- 

4.0 


Base-Emitter On Voltage 

v BE(on) 

- 

2.2 

Vdc 

(Iq = 8 Adc, V CE = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(Iq = 1 Adc, V CE = 10 Vdc, f tes t = 1 MHz) 

^T 

4 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f test = 1 MHz) 

Cob 

~ 

500 

pF 


(1 ) Pulse Test: Pulse Width = 300 ms. Duty Cycle < 2%. 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vq E limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on Tj( p |<) = 200 °C;Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 


1 -726 








MJ 15023 
MJ15025 




MOTOROLA 


SILICON POWER TRANSISTORS 


16 AMPERE 

SILICON 

POWER TRANSISTORS 


The MJ15023 and MJ15025 are PowerBase power transistors 
designed for high power audio, disk head positioners and other 
linear applications. 


200 and 250 VOLTS 
250 WATTS 


• High Safe Operating Area (100% Tested) — 

2 A @ 80 V 

• High DC Current Gain — 

hpE = 15 (Min) @ \q = 8 Adc 



MAXIMUM RATINGS 



f c 


Rating 

Symbol 

MJ15023 

MJ15025 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

250 

Vdc 

Collector-Base Voltage 

v CBO 

350 

400 

Vdc 

Emitter-Base Voltage 

v EBO 

5 

Vdc 

Collector-Emitter Voltage 

V CEX 

. 400 

Vdc 

Collector Current — Continuous 

>c 

16 

Adc 

Peak (1) 


30 


Base Current — Continuous 

•b 

5 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

250 

Watts 

Derate above 25°C 


1.43 

W/°C 

Operating and Storage Junction 

Tj. T s tg 

-65 to +200 

°C 

Temperature Range 







THERMAL CHARACTERISTICS 

Characteristic S' 

Thermal Resistance, Junction to Case f 

(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle s 10%. 
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STYLE 1 
PIN 1. BASE 
2 EMITTER 
CASE COLLECTOR 


NOTE 

1 DIM "Q" IS DIA 



MILLIMETERS 

INCHES 

DIM 

MIN MAX 

MIN MAX 

A 

39.37 

1.550 

B 

21.08 

0.830 

C 

6.35 7.62 

0.250 0.300 

D 

0.97 1.09 

0.038 0.043 

E 

F 

1.40 1.78 

30.15 BSC 

0.055 0.070 

1.187 BSC 

~1T 

10.92 BSC 

0.430 BSC 

H 

5.46 BSC 

0.215 BSC 

J 

K 

16.89 BSC 
11.18 12.19 

0.665 BSC 
0.440 0.480 

Q 

3.81 4.19 

0.150 0.165 

R 

- 26.67 

1.050 

U 

2.54 3.05 

0.100 0.120 


3.81 4.19 

0.150 0.165 


CASE 1-04 
(TO-204AA) 




MJ 15023, MJ15025 


ELECTRICAL CHARACTERISTICS (Jq = 25°C unless otherwise noted.) 

| Characteristic j Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l c = 100 mAdc, l B = 0) 

MJ15023 

MJ15025 

VcEO(sus) 

200 

250 

- 


Collector Cutoff Current 


'CEX 




(V C E = 200 Vdc, V BE ( of f) = 1 .5 Vdc) 

MJ15023 


- 

250 

MAdc 

(Vce = 250 Vdc, V b E ( of f ) = 1 -5 Vdc) 

MJ15025 


- 

250 


Collector Cutoff Current 


‘CEO 



MAdc 

(V CE = 150 Vdc, l B = 0) 

MJ 15023 


- 

500 


(V CE = 200 Vdc, l B = 0) 

MJ15025 


- 

500 


Emitter Cutoff Current 


•ebo 

- 

500 

MAdc 

(Vce = 5 vdc, i B = o) 

Both 






SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 



Adc 

(VCE = Vdc, t = 0.5 s (non-repetitive)) 

5 

- 


(VCE = ^0 Vdc, t = 0.5 s (non-repetitive)) 


2 

- 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 8 Adc, V CE = 4 Vdc) 

(l c = 16 Adc, V CE = 4 Vdc) 

hFE 

15 

5 

60 


Collector-Emitter Saturation Voltage 

Vce isat) 



Vdc 

(l c = 8 Adc, l B = 0.8 Adc) 


- 

1.4 


(l c = 16 Adc, l B = 3.2 Adc) 


- 

4.0 


Base-Emitter On Voltage 

v BE(on) 

- 

2.2 

Vdc 

(Iq = 8 Adc, Vq E = 4 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

<I C = 1 Adc, V CE = 10 Vdc, f tes t = 1 MHz) 

*T 

4 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0. f test = 1 MHz) 

Cob 

~ 

600 

pF 


(1 ) Pulse Test: Pulse Width = 300 /us. Duty Cycle < 2%. 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



There are two limitations on the powerhandling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate lc - Vce limits of the tran- 
sistor that must be observed for reliable operation; i.e., the tran- 
sistor must not be subjected to greater dissipation than the curves 
indicate. 

The data of Figure 1 is based on T j ( p k) = 200 °C;Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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MOTOROLA 


MJ 15026 NPN 
MJ 15027 PNP 


SILICON POWER TRANSISTORS 


The MJ15026 and MJ15027 are PowerBase transistors 
designed for high power audio, disk head positioners and other 
linear applications. 

• High Gain, Complimentary Silicon Power Transistors for Audio 

and Other Power Amplifiers 

• High Safe Operating Area (100% Tested) 

50 V — 5.0 A 
80 V — 2.0 A 

• Excellent Frequency Response 

fj= 24 MHz(Typ) 


16 AMPERE 
SILICON 

POWER TRANSISTORS 

200 VOLTS 
NPN and PNP 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

200 

Vdc 

Collector-Base Voltage 

v CBO 

200 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 
— Peak (1 ) 

! C 

16 

32 

Adc 

Base Current — Continuous 

•b 

70 

Adc 

Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 

pd 

250 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

t J' T stg 

200 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.7 

°C/W 

(1 ) Pulse Test Pulse Width =5 0 ms, Duty Cycle ^ 10%. 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

_ 

39.37 

_ 

1.550 

B 

_ 

21.08 

_ 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

0.97 

1.09 

0.038 

0.043 

E 

1.40 

1.78 

0.055 

0.070 

F 

29.90 

30.40 

1.177 

1.197 

G 

10.67 

11.18 

0.420 

0.440 

H 

5.3? 

5.59 

0.210 

0.220 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.81 

4.19 

0.150 

0.165 

R 

_ 

26.67 

_ 

1.050 

U 

2.54 

3.05 

0.100 

0.120 


1-731 




MJ1 5026 NPN, MJ 15027 PNP 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (t ) 

(l C = 20 mA, l B = 0) 

v CEO(sus) 

200 

— 

Vdc 

Collector Cutoff Current 
(V CE = 200 Vdc, V BE(off) = -i 5 Vdc) 

•CEX 

— 

1.0 

mA 

Collector Cutoff Current 
(V CE = 1 20 Vdc, l B = 0) 

'CEO 

— 

1.0 

mA 

Emitter Cutoff Current 
(V CE =5.0 V, l B = 0) 

'ebo 

— 

1.0 

mA 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward-Biased 

'S/b 



Adc 

(Vce = 50 Vdc, t = 0.5 s (non-repetitive)) 

— 

5.0 



(Vq E = Vdc, t = 0.5 s (non-repetitive)) 

— 

2.0 




*ON CHARACTERISTICS 


DC Current Gain 
(l C = 5.0 Adc, V CE = 5.0 V) 

(l C = 16 Adc, V CE = 5.0 V) 

hFE 

25 

6.0 

150 

“ 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(Iq = 5.0 Adc, l B = 0.5 Adc) 


— 

1.0 


l c = 1 6 Adc, l B = 4.0 Adc) 


— 

3.0 


Base-Emitter On Voltage 

v BE(sat) 

— 

2.0 

Vdc 

(l C = 5.0 Adc, V CE = 5.0 Vdc) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l C = 1 .0 Adc, V CE = 1 0 Vdc, f t est = 1 -0 MHz) 

fT 

15 

— 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f t est = 1 0 MHz) 

Cob 

— 

750 

PF 


(1 ) Pulse Test: Pulse Width = 300 ^ s, Duty Cycle < 2% 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



1.0 3.0 10 30 100 300 1000 

V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc — V ce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 200°C; Tq is 
variable depending on conditions. At high case tempera- 
tures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by 
second breakdown. 







MJ1 5026 NP N, MJ1 5027 PNP 


TYPICAL ELECTRICAL CHARACTERISTICS 


MJ15026 NPN 

FIGURE 2 - DC CURRENT GAIN 




32 0.1 0.2 1.0 2.0 10 20 

l C . COLLECTOR CURRENT (AMPS) 


MJ15027 PNP 

FIGURE 3 - DC CURRENT GAIN 



. “ = “ Tj = 25°C . 
:=^=“Tj= 100°C ; 


0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0 10 

l C . COLLECTOR CURRENT (AMPS) 


FIGURE 4 - COLLECTOR SATURATION REGION 


FIGURE 5 — COLLECTOR SATURATION REGION 
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FIGURE 6 - "ON" VOLTAGE 




»BE(on) V C E = 5.0 


v CE(sat) lr/l B = 10 


0.05 0.1 0.2 0.5 1 0 2.0 5.0 10 20 

I c. COLLECTOR CURRENT (AMPS) 



FIGURE 7 — "ON” VOLTAGE 


Tj = 25°C 

T.i = 100°C_ 


VBE(on) V CE = 50 


VCE(sat) I C /Ib=10 


0.4 1 0 2.0 

l C . COLLECTOR CURRENT (AMPS) 








r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) CAPACITANCE (pF) ^ ^ CURRENT GAIN-BANDWIDTH PROOUCT (MHz) 


MJ15026 NPN, MJ15027 PNP 


1.3 


TYPICAL ELECTRICAL CHARACTERISTICS (continued) 

MJ15026 NPN MJ15027 PNP 

FIGURE 8 - CURRENT GAIN-BANDWIDTH PRODUCT FIGURE 9 - CURRENT GAIN-BANDWIDTH PRODUCT 




FIGURE 10 — CAPACITANCE VARIATION 



FIGURE 1 1 — CAPACITANCE VARIATION 



FIGURE 12 - TYPICAL THERMAL RESPONSE 



0. 







MOTOROLA 


MJ 16002 
MJ 16004 


Designers Data Sheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switchmode applications. 
The MJ1 6004 is a selected high-gain version of the MJ1 6002 for 
applications where drive current is limited. 

Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

50 ns Inductive Fall Time — 75°C (Typ) 

70 ns Inductive Crossover Time — 75°C (Typ) 

500 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
1 25 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

850 

Vdc 

Emitter Base Voltage 

Veb 

60 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

— Peak (1 ) 

•cm 

10 


Base Current — Continuous 

•b 

4.0 

Adc 

— Peak (1 ) 

•bm 

8.0 


Total Power Dissipation @ Tc = 25°C 

Pd 

125 

Watts 

@ T C = 100°C 


71 5 


Derate above 25°C 


0.714 

W/°C 

Operating and Storage Junction 

T J- T stg | 

-65 to +200 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.4 

°C/W 

Maximum Lead Temperature for Soldering 


275 

°C 

Purposes: 1 /8" from Case for 5 Seconds 





(1) Pulse Test. Pulse Width = 5 ms. Duty Cycle ^ 10% 


m7^r° 



1 DIMENSIONS Q AND V ARE DATUMS 

2 m IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

1 + 1 ♦ 13(0 005)© 1 T | V© | 

FOR LEADS 

I + 1 » 13 (0 005) <3> T I V® j g©| 


MILLIMETERS 


483 533 

3 81 1 4 19 


CASE 1-05 TO-3 TYPE 


1-735 





MJ16002, MJ16004 


MJ16002 

ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted) 

Characteristic | Symbol [ Min | Typ | Max | Unit 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 2) 

(l C = 100 mA, Iq = 0) 

v CE0(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

■CEV 




mAdc 

(V C EV = 850 Vdc, V B E(off) = 1 -5 Vdc) 


— 

— 

0.25 


(V C £V = 850 Vdc, V B E(off) = 1 5 Vdc « T C = 1 00°C ) 


— 

— 

1.5 


Collector Cutoff Current 

•CER 

— 

— 

2.5 

mAdc 

(V C E = 850 Vdc, R BE = 50 ft, T C = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1 ) 


Collector-Emitter Saturation Voltage 
(l C = 1 -5 Adc, l B = 0.2 Adc) 

(lC = 3.0 Adc, l B = 0.4 Adc) 

(lC = 3.0 Adc, l B = 0.4 Adc, T C = 1 00°C) 

v CE(sat) 

- 

- 

1.0 

2.5 

2.5 

Vdc 

Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(lC = 3.0 Adc, l B = 0.4 Adc) 


— 

— 

1.5 


(lC = 3.0 Adc, l B = 0.4 Adc, T C = 100°C) 


— 

~ 

1.5 


DC Current Gain 

h FE 

5.0 

— 

— 

— 

(l C = 5.0 Adc, V CE = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

— 

200 

pF 

(V CB = 10 Vdc, l E = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(l c = 3.0 Adc, 

Vcc = 250 Vdc, 

I B 1 = 0.4 Adc, 

PW = 30 ns, 

Duty Cycle <2.0%) 

(lB2 = 0.8 Adc, 

R B 2 = 8.0 0) 

td 

. - 

30 

100 

ns 

Rise Time 

tr 

— 

100 

300 

Storage Time 

t S 

— 

1000 

3000 

Fall Time 

if 

— 

60 

300 

Storage Time 

( v BE(off) = 5 0 Vdc ) 

ts 

— 

400 

— 

Fall Time 

tf 

- 

130 

- 

Inductive Load (Table 2) | 

Storage Time 

(l c = 3.0 Adc, 

I B 1 = 0.4 Adc, 
v BE(off) = 5.0 Vdc, 
v CE(pk) = 400 Vd c) 

(Tj = 1 00° C) 

Isv 

- 

500 

1600 

ns 

Fall Time 

tfi 

— 

100 

200 

Crossover Time 

x c 

— 

120 

250 

Storage Time 

(Tj = 1 50° C) 

Isv 

— 

600 

— 

Fall Time 

tfi 

— 

120 

— 

Crossover Time 

tc 

— 

160 

- 


(1 ) Pulse Test: PW - 300 jus, Duty Cycle <2%. 
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MJ16002, MJ16004 


MJ16004 

ELECTRICAL CHARACTERISTICS Oc = 25°C unless otherwise noted) 

Characteristic f Symbol T Min T Typ I Max 1 Unit 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 2) 

(l c = 100 mA, l B = 0) 

v CEO(sus) 

450 



Vdc 

Collector Cutoff Current 
(V CE V = 850 Vdc, V BE (off) = 1 -5 Vdc) 

(V C EV = 850 Vdc, V BE(o f f) =1.5 Vdc, T C = 1 00°C) 

•CEV 

- 


0.25 

1.5 

mAdc 

Collector Cutoff Current 
(V CE = 850 Vdc, R BE = 50 O, T c = 1 00°C) 

'CER 

— 

— 

2.5 

mAdc 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, lc = 0) 

•ebo 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(l C = 1.5 Adc, l B = 0.1 5 Adc) 

(l c = 3.0 Adc, l B = 0.3 Adc) 

(l c = 3.0 Adc, l B = 0.3 Adc, T c = 100°C) 

v CE(sat) 

- 

- 

1.0 

2.5 

2.5 

Vdc 

Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

0C= 3.0 Adc, l B = 0.3 Adc) 


— 

— 

1.5 


(l c = 3.0 Adc, l B = 0.3 Adc, T c = 1 00°C) 


— 

— 

1.5 


DC Current Gain 

h FE 

7.0 

— 

— 

— 

(l c = 5.0 Adc, V CE = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

200 

pF 

(V CB " 1 0 Vdc, l E = 0, f te st = 10 kHz) 


! 





SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(l c = 3.0 Adc, 

V C c = 250 Vdc, 
l B *l = 0.3 Adc, 

PW= 30 M s, 

Duty Cycle ^2.0%) 

( 1 B2 = 0-6 Adc, 

R B2 = 8.on) 

td 

— 

30 

100 

ns 

Rise Time 

tr 

— 

130 

300 

Storage Time 

l s 

— 

800 

2700 

Fall Time 

tf 

— 

80 

350 

Storage Time 

^BE(off) = 5.0 Vdc) 

ts 

— 

250 

— 

Fall Time 

tf 

- 

60 

- 

Inductive Load (Table 2) | 

Storage Time 

(l C = 3.0 Adc, 

I B 1 = 0.3 Adc, 
v BE(off) = 5.0 Vdc, 
v CE(pk) = 400 Vdc) 

(Tj= 100°C) 

tsv 

- 

400 

1300 

ns 

Fall Time 

tfl 

— 

80 

150 

Crossover Time 

tc 

— 

90 

200 

Storage Time 

(Tj = 1 50° C) 

tsv 

— 

450 

— 

Fall Time 

tfi 

— 

100 

— 

Crossover Time 

tc 

- 

110 

- 


(1) Pulse Test: l?W - 300 M s, Duty Cycle s$2%. 
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1C, COLLECTOR CURRENT (yA) V CE- COLLECTOR-EMITTER VOLTAGE (VOLTS) -y\ hpp, DC CURRENT GAIN 


1.3 




l C . COLLECTOR CURRENT (AMPS) 


( 



- 0.2 0 + 0.2 + 0.4 


10 



Vbe. base EMITTER VOLTAGE (VOLTS) 


+ 0.6 


1.0 10 1 
V R , REVERSE VOLTAGE (VOLTS) 





riME (ns) 










I C . COLLECTOR CURRENT (AMPS) 


MJ16002, MJ16004 



TIME 



V B E(off). REVERSE BASE VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 16 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 



v CE(pk). p EAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ V CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated whenTc^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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MJ16002, MJ16004 


1.3 


TABLE 2 - INDUCTIVE LOAD SWITCHING 



V cc = 20 Volts V cc = 20 Volts V cc = 20 Volts 

Rgi selected for desired lg 1 RBI selected for desired Igi 

‘Tektronix Scope - Tektronix 

P-6042 or 7403 or 

Equivalent Equivalent Note - Adjust -V to obtain desired VBE( 0 ff) at Point A 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

tfi- *c 



•C(pk) = 3 0 Amps 
lB1 = 0.3 Amp 
VBEfoff) 11 5 0 Volts 
v CE(pk) = 300 Volts 
T c = 25°C 
Time Base = 

20 ns/cm 

•C(pk) = 3 0 Amps 
lB1 = 0.3 Amp 
v BE(off) = 5 0 Volts 
VcE(pk) = 300 Volts 
T C = 25°C 
Time Base = 

20 ns/cm 
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(M) MOTOROLA 


MJ 16002 A 
MJH16002A 


Designer’s Data Sheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switchmode applications. 

Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

Features: 

• Fast Turn-Off Times 

100 ns Inductive Fall Time — 100°C (Typ) 

120 ns Inductive Crossover Time — 100°C (Typ) 

500 ns Inductive Storage Time — 100°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

500 

Vdc 

Collector-Emitter Voltage 

V CEV 

1000 

Vdc 

Emitter-Base Voltage 

V EB 

60 

Vdc 

Collector Current — Continuous 

>c 

5 0 

Adc 

— Peak (1) 

'CM 

10 


Base Current — Continuous 

<B 

40 

Adc 

— Peak (1 ) 

'bm 

8 0 


Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +200 

°C 


MJ16002A MJH16002A 


Total Power Dissipation @ Tq= 25°C 

Pd 

125 

100 

Watts 

@ T c = 100°C 


71 5 

40 


Derate above 25°C 


0714 

0 833 

W/°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

r (9JC 

1 4 

1 25 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes 1/8" from Case for 5 Seconds 

t L 

275 

275 

°C 

[ (1) Pulse Test Pulse Width = 5 ms. Duty Cycle ^ 10% j 


Designer's Data for “Worst Case'' Conditions 


The Designer's Data Sheet permits the design of most circuits entirely from the 
information presented Limit data — representing device characteristics boundaries — are 
given to facilitate "worst case" design 


5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

1000 VOLTS 
125 WATTS 






CASE 340-01 
TO-218AC 

PLASTIC PACKAGE 
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M J 1 6002 A, M J H 1 6002 A 


1.3 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1 ) 

Collector-Emitter Sustaining Voltage (Table 2) 

(l C = 100 mA, l B = 0) 

v CEO(sus) 

500 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

( V CEV = 1000 Vdc, VeE(off) = 1-5 Vdc) 


— 

— 

0.25 


(V CEV = 1000 Vdc. V B E(off) = 1.5 Vdc. T C = 100°C) 


— 

— 

1.5 


Collector Cutoff Current 

*CER 

— 

— 

2.5 

mAdc 

(V C e = 850 Vdc. R B E = 50 O. T c = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc, l C = 0) 

i 





SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 15 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1 ) 


Collector- Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 1.5 Adc, l B = 0.2 Adc) 


— 

— 

1.0 


(l C = 3.0 Adc, l B = 0.4 Adc) 


— 

— 

2.5 


(l c = 3.0 Adc, l B = 0.4 Adc, T C = 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 3.0 Adc, l B = 0.4 Adc) 

— 

— 

1.5 


(l C = 3.0 Adc, l B = 0.4 Adc, T C = 100°C) 


- 

- 

1.5 


DC Current Gain 

h FE 

5.0 

— 

— 

_ 

(lc = 5.0 Adc, V CE = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

— 

— 

200 

pF 

(V CB = 10 Vdc. I E = 0, f tes t = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(l C = 3.0 Adc, 

V CC = 250 Vdc, 

1 = 0.4 Adc, 

PW = 30 M s, 

Duty Cycle ^2.0%) 

(l B2 = 0.8 Adc, 

R B 2 = 8.0n> 

{ d 

- 

30 

100 

ns 

Rise Time 

tr 

— 

100 

300 

Storage Time 

ts 

— 

1000 

3000 

Fall Time 

tf 

— 

60 

300 

Storage Time 

(VBE(off)=50Vdc) 

ts 

— 

400 

— 

Fall Time 

tf 

— 

130 

- 

Inductive Load (Table 2) j 

Storage Time 

(l C = 3.0 Adc, 

Ifil = 0.4 Adc, 
v BE(off) = 5.0 Vdc, 

V C E(pk) = *00 Vdc) 

(Tj = 100°C) 

tsv 

- 

500 

1600 

ns 

Fall Time 

tfi 

— 

100 

200 

Crossover Time 

tc 

— 

120 

250 

Storage Time 

(Tj = 1 50°C) 

tsv 

— 

600 

— 

Fall Time 

tfi 

— 

120 

— 

Crossover Time 

tc 

— 

160 

— 


(1 ) Pulse Test. PW - 300 M s. Duty Cycle ^2% 
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Ic, COLLECTOR CURRENT (^A) Vq^. COLLECTOR-EMITTER VOLTAGE (VOLTS) hpp, DC CURRENT GAIN 







CROSSOVER TIME (ns) t fl , COLLECTOR CURRENT FALL TIME (ns) h* STORAGE TIME (ns) 


MJ16002A, MJH16002A 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 - STORAGE TIME 


FIGURE 8 - STORAGE TIME 



30 T J = 75 ° C 

Vcc = 20 V 

DO 1 — LJ 

0 5 0.7 1 0 2 0 3 0 

l C . COLLECTOR CURRENT (AMPS) 


Tj - 75°C 

IQV CC =20V_ 


05 07 10 20 30 

l C . COLLECTOR CURRENT (AMPS) 


FIGURE 9 — COLLECTOR CURRENT FALL TIME 


— 

!= 

— 

— 






\ 





V t 


0 V 


\ v oh(0tt) 

= 





- 2 0 v 




/ 













= 5.0* - 

Tj = 75°C 

20 ~V CC = 20V ' 


0 5 0 7 1.0 2 0 3 0 5 0 

lC. COLLECTOR CURRENT (AMPS) 


FIGURE 10 - COLLECTOR CURRENT FALL TIME 


v BE(off) = 0 v 



= 


< 


— J 

-5 OVj 



— 

— 

















-4— M 

J8f = 10* — 

Tj = 75°C 

V C C = 20 V 


0 5 0 7 1.0 2 0 3 0 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 11 - CROSSOVER TIME 

=]=: -2 ov i — . 1 — 


pov \T" 

200 h— -t — r -5.0 V - 


- VBE(off) = 0 V - 


FIGURE 12 - CROSSOVER TIME 



v BE(off) = 0 v 


/Jf = 5.0* - 

20 T J = 75 ° C - 

20 V CC = 20 V 


/J f = 10* - 

20 T J =75 ° C - 

V C q = 20 V ^ 


0.5 0.7 1.0 2.0 3.0 

l C , COLLECTOR CURRENT (AMPS) 


0.5 0.7 1 0 2.0 

lC. COLLECTOR CURRENT (AMPS) 







I C , COLLECTOR CURRENT (AMPS) 


MJ 16002 A, MJH16002A 



TIME 


FIGURE 14 - PEAK REVERSE BASE CURRENT 



V B E(off). REVERSE BASE VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 16 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 




*/*f = 


‘C 

>B1 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc — V 'ce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tc = 25°C; Tj^k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated whenT^^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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r(t), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


MJ16002A, MJH16002A 


FIGURE 17 - THERMAL RESPONSE 



t. TIME (ms) 


FIGURE 18 - POWER DERATING 
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MJ16002A, MJH16002A 


TABLE 2 - INDUCTIVE LOAD SWITCHING 


_ *- C 0il (lcpk> 

Tl 

Tl adjusted to obtain Iqpkf 

bv CEO(sus) 

L= 10 mH 

R B 2 = 00 

V C c = 20 Volts 
'C(pk) = 100 mA 

‘Tektronix AM503 
P6302 or Equivalent 



Rgl selected for desired Igi 

Scope — Tektronix 
7403 or Equivalent 


Rgl selected for desired Igi 


Note: Adjust -V to obtain desired VgE(off) at Point A 


t S v 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

*fi» *c 



'C(pk) = 3 0 Amps 
lei = 0.3 Amp 
v BE(off) = 5 0 Volts 
v CE(pk) = 300 Volts 
T C =25°C 
Time Base = 

20 ns/cm 

*C(pk) = 3 -0 Am P s 

Igl = 0.3 Amp 
v BE(off) = 5.0 Volts 
v CE{pk) = 30° Volts 
T C =25°C 
Time Base = 

20 ns/cm 



1.3 
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(M) MOTOROLA 


MJ16006 
Mi 16008 
MIH16006 
MJH16008 


Designers Data Sheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 


These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. 
They are particularly suited for line-operated switchmode appli- 
cations. The MJ16008 and MJH16008 are selected high gain ver- 
sions of the MJ16006 and MJH16006 for applications where drive 
current is limited. 


Typical Applications: Features: 


• Switching 

Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection 

Circuits 



• Fast Turn-Off Times 

70 ns Inductive Fall Time - 100°C (Typ) 

100 ns Inductive Crossover Time -100°C (Typ) 
500 ns Inductive Storage Time - 100°C (Typ) 

• 100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Load 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ16006 

MJ16008 

MJH16006 

MJH16008 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

850 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current 




Adc 

— Continuous 

ic 

8.0 


— Peak(1) 

'CM 

16 


Base Current 




Adc 

— Continuous 

IB 

6.0 


— Peak(1) 

<BM 

12 


Total Device Dissipation 

PD 



Watts 

@ T C = 25°C 


150 

125 


@ Tc = 100°C 


85.5 

50 


Derate above 25°C 


0.86 

1.0 

W/°C 

Operating and Storage 

T J' T stg 

-65 to 200 

-55 to 150 

°C 

Junction Temperature 





Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 
Junction to Case 

Rftjc 

1.17 1.0 

°C/W 

Lead Temperature for 
Soldering Purposes, 
1/8" from Case for 

5 Seconds. 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width «£ 5.0 fjs, Duty Cycle s* 10%. 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit Curves — representing boundaries on device characteristics — are given to 
facilitate "worst case" design. 


8.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
125 AND 150 WATTS 



NOTES 

1 DIMENSIONS Q AND V ARE DATUMS 



MILLIMETERS 

INCHES 

DIM 

MIN 1 MAX 

MIN 

MAX 

_A_, 

39.37 


1.550 

B 

~ 1 21.08 


0 830 

c 

6.35 1 7 62 

0 250 

0.300 

0 

0.97 1 1 09 

0.038 

0 043 

E 

1 40 1 178 

0.055 

0.070 

_f_ 

30.15 BSC 

1 18 

BSC 

JEj 

10.92 BSC 

0 430 BSC 

H 

5.46 BSC 

0.215 BSC 

i 

16.89 BSC 

0.66 

BSC 

K 

11.18 1 1219 

0 440 

0 480 

Q 

3.81 1 4.19 

0.151 

0.165 

R 

26.67 


1.050 

U 

4.83 5.33 

0190 

0 210 

V 

3 81| 4 19 

0.151 

0.165 


m IS SEATING PLANE AND DATUM. 
POSITIONAL TOLERANCE FOR 

MOUNTING HOLE Q 

| » 1 » 13 (0.005) © 1 T | V ©~| 

FOR LEADS 

[ ♦ 1 +.13(0 005)© T | V® | Q©( 
DIMENSIONS AND TOLERANCES PER 
ANSI Y 14 5, 1973 

CASE 1-05 
TO-204AA 
(Formerly TO-3) 



MJH16006 

MJH16008 



1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


CASE 340-01 
TO-218AC 
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MJ16006, MJ16008, MJH16006, MJH16008 


1.3 


MJ16006 
MJH 16006 

ELECTRICAL CHARACTERISTICS 0c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

(l c = 100 mA, l B = 0) 

v CEO(sus) 

450 

— 


Vdc 

Collector Cutoff Current 

*CEV 




mAdc 

(V CE V = 850 Vdc, V BE (off) = 1 -5 Vdc) 


— 

— 

0.25 


(V C EV = 850 Vdc, V BE(off ) = 1 .5 Vdc, T c = 100°C) 


— 

— 

1.5 


Collector Cutoff Current 

<CER 

— 

— 

2.5 

mAdc 

(V C E = 850 Vdc, R BE = 50 O, T C = 1 00°C) 






Emitter Cutoff Current 

*EB0 

— 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 6 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 3.0 Adc, l B = 0.4 Adc) 

— 

— 

2.5 


(l C = 5.0 Adc, l B = 0.66 Adc) 


— 

— 

3.0 


(l c = 5.0 Adc, l B = 0.66 Adc, T c = 1 00°C) 


- 

- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(lc - 5.0 Adc, l B = 0.66 Adc) 

— 

— 

1.5 


(l C = 5.0 Adc, l B = 0.66 Adc, T c = 1 00°C) 


— 

— 

1.5 


DC Current Gain 

h FE 

5.0 

— 

— 

— 

(1C = 8.0 Adc, V CE = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

— 

350 

pF 

(V C b = 1 0 Vdc, l E = 0, f tes t = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(l C = 5.0 Adc, 

V C c = 250 Vdc, 

I B 1 = 0.66 Adc, 

PW = 30 /zs, 

Duty Cycle <2.0%) 

d B2 = 1-3 Adc, 

R B 2 = 4.0 O) 

td 

— 

20 

50 

ns 

Rise Time 

tr 

— 

85 

250 

Storage Time 

ts 

— 

1000 

2500 

Fall Time 

tf 

— 

70 

250 

Storage Time 

< v BE(off) = 5.0 Vdc) 

*s 

— 

500 

— 

Fall Time 

tf 

- 

100 

- 

Inductive Load (Table 2) j 

Storage Time 

(l C = 5.0 Adc, 

I B 1 = 0.66 Adc, 
v BE(off) = 5 0 Vdc - 
V C E(pk) = 400Vdc) 

(Tj = 1 00° C) 

tsv 

— 

700 

1800 

ns 

Fall Time 

tfi 

— 

80 

200 

Crossover Time 

tc 

— 

150 

250 

Storage Time 

(Tj = 1 50°C) 

tsv 

— 

800 

— 

Fall Time 

tfi 

— 

80 

— 

Crossover Time 

tc 

- 

200 

- 


(1 ) Pulse Test: PW - 300 M s, Duty Cycle <2%. 
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MJ16006, MJ16008, MJH16006, MJH16008 


MJ16008 

MJH16008 

ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(l c = 100 mA, l B = 0) 

VCEO(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

(V C EV = 850 Vdc, V BE(off) = 1 .5 Vdc) 


— 

— 

0.25 


(V C EV = 85 0 Vdc, V BE ( off) =1.5 Vdc, T C = 1 00° C) 


— 

— 

1.5 


Collector Cutoff Current 

>CER 

— 

— 

2.5 

mAdc 

(V CE = 850 Vdc, R BE = 50 n, T C = 100°C) 






Emitter Cutoff Current 

>EB0 

— 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

J S/b 

See Figure 15 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(l c = 3.0 Adc, l B = 0.3 Adc) 

(l c = 5.0 Adc, l B = 0.5 Adc) 

(l c = 5.0 Adc, l B = 0.5 Adc, T C = 100°C) 

VcE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

(l c = 5.0 Adc, l B = 0.5 Adc) 


— 

— 

1.5 


(l c = 5.0 Adc, l B = 0.5 Adc, T C = 100°C) 


— 

— 

1.5 


DC Current Gain 

h FE 

7.0 

— 

— 

— 

(l c = 8.0 Adc, V CE = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

C 0 b 

— 

— 

350 

PF 

(V CB =10Vdc, l E = 0,f te st = 10kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(l C = 5.0 Adc. 

V C c = 250 Vdc, 

I B 1 = 0.5 Adc, 

PW = 30 M s, 

Duty Cycle ^2.0%) 

(lB2 = 10 Adc, 

R B2 = 4.0 D) 

td 

— 

20 

50 

ns 

Rise Time 

tr 

— 

100 

250 

Storage Time 

ts 

— 

900 

2200 

Fall Time 

tf 

— 

70 

250 

Storage Time 

<VBE(off)=5.0Vdc) 


— 

400 

— 

Fall Time 

tf 

— 

50 

- 

Inductive Load (Table 2) | 

Storage Time 

(l C = 5.0 Adc, 

I B 1 = 0.5 Adc, 
v BE(off)= 5.0 Vdc. 
V C E(pk) = 400Vdc) 

(Tj = 100°C) 

tsv 


500 

1400 

ns 

Fall Time 

tfi 


70 

150 

Crossover Time 

te 


100 

200 

Storage Time 

(Tj = 1 50°C) 

t S V 

— 

600 

— 

Fall Time 

tfi 

— 

100 

— 

Crossover Tjme 

t c 

- 

150 

- 


(1 ) Pulse Test: PW - 300 M s, Duty Cycle s£2%. 
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I C - COLLECTOR CURRENT GjA) Vc£, COLLECTOR-EMITTER VOLTAGE (VOLTS) 2 h FE , DC CURRENT GAIN 


MJ1 6006, MJ16008, MJH16006, MJH16008 


TYPICAL STATIC CHARACTERISTICS 



0.2 0.5 1.0 2.0 5.0 10 20 

Iq, COLLECTOR CURRENT (AMPS) 


FIGURE 2 - COLLECTOR SATURATION REGION 



o 



l B , BASE CURRENT (AMPS) 


GURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 




l C , COLLECTOR CURRENT (AMPS) 




-0.4 -0.2 0 +0.2 + 0.4 +0.6 0.1 0.2 0.5 1.0 2.0 5.0 Id 20 50 100 200 500 850 

V BE , BASE EMITTER VOLTAGE (VOLTS) V R , REVERSE VOLTAGE (VOLTS) 




t c . CROSSOVER TIME (ns) t fi . COLLECTOR CURRENT FALL TIME (ns) *** STORAGE^ TIME (ns) 


MJ1 6006, MJ16008, MJH16006, MJH16008 


TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 


FIGURE 7 — STORAGE TIME 




1.0 2.0 3.0 5.0 7.0 10 

l C . COLLECTOR CURRENT (AMPS) 



1.0 2.0 3.0 5.0 7.0 10 

l C . COLLECTOR CURRENT (AMPS) 



FIGURE 8 - STORAGE TIME 



FIGURE 1 0 - COLLECTOR CURRENT FALL TIME 




1.0 2.0 3.0 5.0 7.0 10 

l C , COLLECTOR CURRENT (AMPS) 
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MJ16006, MJ16008, MJH16006, MJH16008 


TABLE 2 - INDUCTIVE LOAD SWITCHING 


__ L coil ^Cpk) 

1 V CC 

Tj adjusted to obtain ic(pk) 

V(BR)CEO(sus) 

L = 10 mH 
R B 2 = od 
Vcc = 20 Volts 
'C(pk) = 100 mA 
"Tektronix 
AM 503 
P6302 or 
Equivalent 



Rbi selected for desired I 31 Rbi selected for desired I b 1 

Scope - Tektronix 
7403 or 

Equivalent Note Adjust -V to obtain desired VBE(off) at Point A 


AREA INFORMATION 


SAFE OPERATING 

FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
1C — Vce limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 15 and 15A are based on Tq = 
25°C; Tj(p|<) is variable depending on power level. Sec- 
ond breakdown pulse limits are valid for duty cycles to 
10% but must be derated when Tc ^ 25°C. Second 
breakdown limitations do not derate the same as ther- 
mal limitations. Allowable current at the voltages 
shown on Figure 15 and 15A may be found at any case 
temperature by using the appropriate curve on Figure 
17. 

Tj(pk) may be calculated from the data in Figure 18. 

At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable during 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 16 gives the RBSOA char- 
acteristics. 
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MJ1 6006, MJ16008, MJH16006, MJH16008 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 — MAXIMUM FORWARD BIAS FIGURE 15A — SAFE OPERATING AREA, 

SAFE OPERATING AREA, MJ16006 & MJ 16008 MJH16006 & MJH16008 



0 Q 2 L 1 .1 I I, I I I I I I — l—LLU I I I CsJJ 

'5.0 10 20 50 100 200 300 450 


V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) 



FIGURE 16 — MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



VCE(pk)- PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 17 — POWER DERATING 
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MJ16006A 
MJ HI 6006 A 




MOTOROLA 


Designer’s Data Sheet 


1.0 kV SWITCHMODE III SERIES 

NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 

power switching in inductive circuits where fall time is critical. 

They are particularly suited for line-operated switchmode appli- 

cations. 


Typical Applications: 

Features: 

• Switching 

• Collector-Emitter Voltage — 

Regulators 

V C EX = 1000 Vdc 

• Inverters 

• Fast Turn-Off Times 


80 ns Inductive Fall Time - 100°C (Typ) 


120 ns Inductive Crossover Time - 100°C (Typ) 

• Relay Drivers 

800 ns Inductive Storage Time - 100°C (Typ) 

• Motor Controls 

• 100°C Performance Specified for: 

• Deflection 

Reverse-Biased SOA with Inductive Load 

Circuits 9 

Switching Times with Inductive Loads 

i 

Saturation Voltages 

3 

Leakage currents 

L 

— O 




8.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

500 VOLTS 
125 and 150 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ16006A 

MJH16006A 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

500 

Vdc 

Collector-Emitter Voltage 

V CEV 

1000 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

>C 

8.0 

Adc 

— Peak (1) 

'CM 

16 


Base Current — Continuous 

Ib 

6.0 

Adc 

— Peak (1) 

•bm 

12 


Total Power Dissipation @ Tc = 25°C 

Pd 

150 

125 

Watts 

@ T C = 100°C 


85 

50 


Derate above Tq - 25°C 


0.86 

1.0 

W/°C 

Operating and Storage Junction 

Tj,T s tg 

-65 to 200 

-55 to 150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R ajc 

1.17 | 1.0 

°C/W 

Lead Temperature for Soldering 
Purposes: 1/8" from Case for 

5 Seconds 

t l 

275 

°c 


(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle « 10%. 


Designer's Dets for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit Curves — representing boundaries on device characteristics — are given to 
facilitate "worst case" design. 



MJ16006A 



533 | 0190 | 0210 


3 81 I 419 I 0.151 | 0165 


STYLE 1 

PIN 1. BASE 
2 EMITTER 
CASE COLLECTOR 


NOTES 

1 DIMENSIONS Q AND V ARE DATUMS 

2 m IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE Q 

| ? | ♦ 13 (0 005)© | T 1 V© 1 

, FOR LEADS 

1 | + | > 13(0005)©T | V©| Q®1 


CASE 1-05 
TO-204AA 
(Formerly TO-3) 


LI 


MJH16006A 


Hikj 

•-1 H I — — 


III 



U L 1 

—III— -D 


STYLE 1 
PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


CASE 340-01 
TO-218AC 
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MJ1 6006A, MJH16006A 


ELECTRICAL CHARACTERISTICS Oc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

Oc = 100 mA, Iq = 0) 

VCEO(sus) 

500 

— 

— 

Vdc 

Collector Cutoff Current 
(V C EV = 1000 Vdc, V B E(off) = 1-5 Vdc) 

(V C EV = I 000 v dc, V B E(off) = 1-5 Vdc, T C = 100°C) 

'CEV 



- | 

- 

0.25 

1.5 

mAdc 

Collector Cutoff Current 
(V C E = 1000 Vdc, Rbe = 50 ft, Tc = 100°C) 

>CER 


1 

2.5 

mAdc 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, lc = 0) 

lEBO 

— 


1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 


See Figures 14 or 15 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(l C = 3.0 Adc, l B = 0.6 Adc) 

OC = 5.0 Adc, l B = 1.0 Adc) 

OC = 5.0 Adc, l B = 1.0 Adc, T C = 100°C) 

VCE(sat) 

- 

- 

1.0 

1.5 

1.5 

Vdc 

Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

OC = 5.0 Adc, l B = 1.0 Adc) 


— 

— 

1.5 


OC = 5.0 Adc, l B = 1.0 Adc, Tc = 100°C) 


— 

— 

1.5 


DC Current Gain 

h F E 

5.0 

— 

— 

_ 

(l C = 8.0 Adc, V C E = 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

— 

— 

350 

PF 

(V CB = 10 Vdc, l E = 0, f t est = 10 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) MJ16006A { 

Delay Time 

OC = 5.0 Adc, 

Vcc = 250 Vdc, 

I B 1 = 0.66 Adc, 

PW = 30 /is, 

Duty Cycle «= 2.0%) 

0B2 = 1-3 Adc, 

R B2 = 4.0 ft) 

td 


25 

100 

ns 

Rise Time 

tr 


400 

700 

Storage Time 

ts 

— 

1400 

3000 

Fall Time 

tf 

— 

175 

400 

Storage Time 

(VBE(off) = 5.0 Vdc) 

Is 

— 

475 

— 

Fall Time 

tf 

— 

100 

— 

Inductive Load (Table 2) MJ16006A 

Storage Time 

OC - 5.0 Adc, 
l B -| = 0.66 Adc, 

VBE(off) = 5.0 Vdc, 
VcE(pk) = 400 Vdc) 

(Tj = 100°C) 

tsv 

— 

800 

2000 

ns 

Fall Time 

tfi 

— 

80 

200 

Crossover Time 

tc 

— 

120 

300 

Storage Time 

(Tj = 1 50°C) 

tsv 

— 

1000 

— 

Fall Time 

tfi 

— 

90 

— 

Crossover Time 

tc 

— 

150 

— 


(1) Pulse Test: PW - 300 /xs, Duty Cycle 2.0%. 
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MJ16006A, MJH16006A 


1.3 


TYPICAL STATIC CHARACTERISTICS 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 

1C, COLLECTOR CURRENT (AMPS) 


FIGURE 2 — COLLECTOR-EMITTER SATURATION VOLTAGE 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

1C, COLLECTOR CURRENT (AMPS) 


FIGURE 3 — COLLECTOR-EMITTER SATURATION VOLTAGE 



0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

l B . BASE CURRENT (AMPS) 


FIGURE 4 — BASE-EMITTER SATURATION VOLTAGE 



0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 5 — CAPACITANCE 




0 2.0 4.0 6.0 8.0 

VeE(off). REVERSE BASE VOLTAGE (VOLTS) 
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MJ16006A, MJH16006A 


TABLE 2 — INDUCTIVE LOAD SWITCHING 

0.02 m F i 00 


Ilf 



^C(pk ) 
a V CE(pk) 


L coil (*Cpk) 


Ti adjusted to obtain lc(pk) ~~ 


■ v clamp V CC 


bvceo 

L = 10 mH 

R B 2 = 00 
V C c = 20 Volts 


Inductive Switching 

L = 750 /xH 

RB2 = 0 

V CC - 20 Volts 

R B -| selected for desired l B i 


♦Tektronix AM503 Scope — Tektronix 

P6302 or Equivalent 7403 or 

Equivalent 


RBSOA \ / 

L = 750 jtiH \ / 

R B 2 = 0 \J l B 2 

V C C = 20 Volts 

R B 1 selected for desired l B i 

Note: Adjust -V to obtain desired V BB ( 0 ff) at Point A. 


TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 


IC/lBl = 5.0, T C = 100°C, VcE(pk) = 400 V 



l C /l B i = 10, T C = 100°C, VcE(pk) = 400 V 


FIGURE 9 — STORAGE TIME 






1 1 

v BEIof1) = < 

)V — — „ 







lr, COLLECTOR CURRENT (AMPS) 


lr, COLLECTOR CURRENT (AMPS) 










MJ1 6006A, MJH16006A 


GUARANTEED SAFE OPERATING AREA LIMITS (Continued) 


FIGURE 16 — MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 



100 200 300 400 500 600 700 800 900 1000 1100 

VCE(pk). PEAK C0LLECT0R-T0-EMITTER VOLTAGE (VOLTS) 


FIGURE 17 — POWER DERATING 
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SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
1C — Vce limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves 
indicate. 

The data of Figures 14 and 15 are based on Tc = 
25°C; T j(pk) is variable depending on power level. Sec- 
ond breakdown pulse limits are valid for duty cycles to 
10% but must be derated when Tc ^ 25°C. Second 
breakdown limitations do not derate the same as ther- 
mal limitations. Allowable current at the voltages 
shown on Figures 14 and 15 may be found at any case 
temperature by using the appropriate curve on Figure 
17. 

Tj(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable putting 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 16 gives the RBSOA char- 
acteristics. 
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FIGURE 18 — THERMAL RESPONSE 
MJ16006A 
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(M) MOTOROLA 


MJ 16010 
MJ 16012 
MJH16010 
MJH 16012 


Designer’s Data Sheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, power 
switching in inductive circuits where fall time is critical. They are par- 
ticularly suited for line-operated switchmode applications. The MJ16012 
and MJH16012 are selected high gain versions of the MJ16010 and 
MJH16010 for applications where drive current is limited. 


15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
135 AND 175 WATTS 


Typical Applications: 

• Switching 

Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection 

Circuits 


Features: 


• Fast Turn-Off Times — Tq = 100°C 
50 ns Inductive Fall Time (Typ) 

90 ns Inductive Crossover Time (Typ) 
800 ns Inductive Storage Time (Typ) 


100°C Performance Specified for. 
Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 



MJ16010 

MJH16010 


Rating 

Symbol 

MJ16012 

MJH16012 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

850 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

15 

Adc 

— Peak(1) 

•cm 

20 


Base Current — Continuous 

•b 

10 

Adc 

— Peak (1) 

•bm 

15 


Total Device Dissipation 

Pd 



Watts 

@ T C = 25°C 


175 

135 


@ Tc= 100°C 


100 

53.8 


Derate above 25°C 


1.0 

1.11 

W/°C 

Operating and Storage Junction 

Tj* T stg 

-65 to 200 

-55 to 150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction 
to Case 

R 0JC 

1.0 

0.93 

°C/W 

Lead Temperature for Soldering 
Purposes, 1/8" from Case for 

5 Seconds 

Tl 

275 

°c 


(1) Pulse Test. Pulse Width 5.0 gs. Duty Cycled 10% 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit curves — representing boundaries on device characteristics — 
are given to facilitate "worst case" design. 


MJ16010 

MJ16012 
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1 BASf 

2 COUECTOR 

3 EMITTER 

4 COUECTOR 


CASE 340-01 
TO-218AC 


1-765 












MJ16010, MJ16012, MJH1 601 0, MJH16012 


MJ16010 

MJH16010 

ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic | Symbol | Min [ Typ | Max J Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(l c = 100 mA, l B = 0) 

v CE0(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(V C EV = 850 Vdc, V B E(off) =15 Vdc) 


— 

— 

0.25 


(VcEV = 850 Vdc. V BE(of f) = 1 .5 Vdc. T C = 100°C) 


— 

— 

1.5 


Collector Cutoff Current 

■CER 

— 

— 

2.5 

mAdc 

(V CE = 850 Vdc, R BE = 50 ft. T C = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc. I C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBS0A 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(l C = 5.0 Adc, l B = 0.7 Adc) 

(l C = 10 Adc, l B = 1.3 Adc) 

(l C = 1 0 Adc, l B = 1 .3 Adc, T c = 1 00°C) 

v CE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(IC= 10 Adc, l B = 1.3 Adc) 


— 

— 

1.5 


(l C = 10 Adc, l B = 1 .3 Adc, T c = 1 00°C) 


— 

— 

1.5 


DC Current Gain 

h FE 

5.0 

— 

— 

— 

(l C = 15 Adc, V C e= 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Oob 

— 

— 

400 

pF 

(V C B = 10 Vdc, l E = 0, f test = 1 0 kHz) 



i 




SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(IC= 10 Adc, 

V CC = 250 Vdc, 

I B 1 = 1.3 Adc, 

PW = 30 M s, 

Duty Cycle ^2.0%) 

(l B 2 = 2.6 Adc, 

R B = 1.6 Cl) 

td 

— 

20 

- 

ns 

Rise Time 

t r 

— 

200 

— 

Storage Time 

ts 

— 

1200 

— 

Fall Time 

tf 

— 

200 

— 

Storage Time 

( v BE(off)= 5 0 Vdc) 

ts 

— 

650 

— 

Fall Time 

tf 

— 

80 

- 

Inductive Load (Table 2) j 

Storage Time 

(l C = 10 Adc, 

I B1 = 1.3 Adc, 
v B€(off) = 50 Vdc, 
V C E(pk) = 400 Vdc) 

(T C = 100°C) 

tsv 

- 

800 

1800 

ns 

Fall Time 

tfi 

— 

50 

200 

Crossover Time 

tc 

— 

90 

250 

Storage Time 

(T C = 1 50°C) 

tsv 

— 

1050 

- 

Fall Time 

tfl 

— 

70 

— 

Crossover Time 

t c 

- 

120 

- 


(1 ) Pulse Test: Pulse Width = 300 *is, Duty Cycle < 2 0% 
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MJ16010, MJ16012, MJH16010, MJH16012 


MJ16012 

MJH16012 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(l C = 100 mA, l B = 0) 

v CE0(sus) 

450 

— 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(V C EV = 850 Vdc, V BE(off) = 1 .5 Vdc) 


— 

— 

0.25 


(V C EV = 850 Vdc, V BE ( off ) =1.5 Vdc, T c = 100°C) 


— 

— 

1.5 


Collector Cutoff Current 

<CER 

— 


2.5 

mAdc 

(V C e = 850 Vdc, R BE = 50 H, T C = 100°C) 






Emitter Cutoff Current 

<EB0 

— 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBS0A 

See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lC = 5.0 Adc, l B = 0.5 Adc) 

— 

— 

2.5 


(l C = 10 Adc, l B = 1.0 Adc) 


— 

— 

3.0 


dC = 10 Adc, l B = 1 .0 Adc, T c = 100°C) 


- 

- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(IC= 10 Adc, l B = 1.0 Adc) 

— 

_ 

1.5 


(l C = 10 Adc, l B = 1.0 Adc, T C = 100°C) 


— 

— 

1.5 


DC Current Gain 

hFE 

7.0 

— 

— 

— 

(Iq = 15 Adc, Vc E =50 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

_ 

400 

PF 

(V CB = 10 Vdc, l E = 0, f test = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(l c = 10 Adc, 

V CC = 250 Vdc, 

I B1 = 1 .0 Adc, 

PW = 30 M s. 

Duty Cycle ^2.0%) 

(l B2 = 2.0 Adc, 

R B = 1.6 H) 

id 

- 

20 

- 

ns 

Rise Time 

t r 

— 

200 

— 

Storage Time 

ts 

— 

900 


Fall Time 

tf 

— 

150 


Storage Time 

< v BE(off) = 5 0 Vdc > 


— 

500 

- 

Fall Time 

tf 

— 

40 

_ 

Inductive Load (Table 2) j 

Storage Time 

(f c = 10 Adc, 

I B 1 -1.0 Adc, 
v BE(off) = 5 0 Vdc < 
v CE(pk) = 400 Vdc ) 

(T C = 100°C) 

t S v 

_ 

650 

1500 

ns 

Fall Time 

tfi 

— 

30 

150 

Crossover Time 

tc 

— 

50 

200 

Storage Time 

(T C = 1 50°C) 

tsv 

— 

850 


Fall Time 

tf. 

— 

30 

— 

Crossover Time 

tc 

— 

70 

_ 


(1) Pulse Test- Pulse Width = 300 ps. Duty Cycle ^ 2.0%. 
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MJ16010, MJ16012, MJH16010, MJH16012 


TYPICAL STATIC CHARACTERISTICS 



0.2 0.5 1 0 2 0 5.0 10 20 

1C, COLLECTOR CURRENT (AMPS) 



0.02 0.05 0 1 0.2 0.5 1.0 2.0 5.0 10 

l B , BASE CURRENT (AMPS) 


FIGURE 3 - COLLECTOR-EMITTER SATURATION VOLTAGE 




0 15 0.2 0.3 0.5 0.7 1 0 2.0 3 0 5 0 7 0 10 15 

l C . COLLECTOR CURRENT (AMPS) 



-0.4 -0.2 0 +0.2 + 0.4 + 0.6 


V BE . BASE-EMITTER VOLTAGE (VOLTS) 



0.1 0.3 0.5 1.0 2 0 5 0 10 20 30 50 100 300 500 850 

V R , REVERSE VOLTAGE (VOLTS) 
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MJ16010, MJ16012, MJH16010, MJH16012 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 - STORAGE TIME 


FIGURE 8 - STORAGE TIME 
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FIGURE 12 - CROSSOVER TIME 
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I C , COLLECTOR CURRENT (AMPS) 


MJ16010, MJ16012, MJH1 601 O f MJH16012 



TIME 



0 1.0 2.0 3.0 4.0 5.0 

V B E(off)- REVERSE BASE VOLTAGE (VOLTS) 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 16 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



5 0 10 20 30 50 70 100 200 300 450 

V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) 




100 150 200 250 350 450 600 700 850 

VcE(pk). PEAK COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tc = 25°C; Tj(pk) ts 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 15 may be found 
at any case temperature by using the appropriate curve 
on Figure 18. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current condition allowable during reverse biased turn- 
off. This rating is verified under clamped conditions so 
that the device is never subjected to an avalanche mode. 
Figure 16 gives the RBSOA characteristics. 


1-770 






MJ16010, MJ16012, MJH1 601 0, MJH16012 


FIGURE 17 - THERMAL RESPONSE 


R 0JC(t) = r(t) R 0JC 


R 0JC = 10°C/W or 1.1 1°C/W 


T J(pk) - Tc = R (pk) R 0JC<t) 


ngiijjj 

illHB 


t, TIME (ms) 

FIGURE 18 - POWER DERATING 



rs 









's 

nX 





THERMAL DERATING 










y SECOND BREAKDOWN DERATING 


MJH16010. MJH16012 

MJ16010, M J 16012 


40 80 120 160 200 
T C , CASE TEMPERATURE (°C) 




’Tektronix AM503 
P6302 or Equivalent 


TABLE 1 - RESISTIVE LOAD SWITCHING 


=*-35 V 
|H P 214] 


V C C = 250 Vdc 
R L = 25 n 
l c = 10 Adc 
l B = 1 0 Adc 


t s andt f 1 0O i 

20 < 



+Vdc * 1 1 Vdc 


SA, o * C 2N6191 

P s 

* Rb) 



V CC = 250 Vdc I B 1 = 10 Adc R B 1 = 10fl 

R l = 25H l B 2 ~ 2 0 Adc R B 2-16 0 

lc = 10 Adc For V BB ( 0 ff) = 5.0 V, R B 2 =0(1 

Note: Adjust -V to obtain desired V BB ( 0 ffj at Point A. 















MJ 16010, MJ16012, MJH16010, MJH16012 


1.3 


TABLE 2 - INDUCTIVE LOAD SWITCHING 


t ~ ^oil ^Cpk) 

1 v cc 

T i adjusted to obtain >C(pk) 

bvceo 

L = 10 mH 
R B 2 = 0 ° 

V CC = 20 V Its 



R B 1 selected for desired Igi Rf}1 selected for desired Igi 


•Tektronix AM503 
P6302 or Equivalent 


Scope — Tektronix 
7403 or Equivalent 


Note. Adjust -V to obtain desired VgE(off) at Point A. 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


tsv 


'C(pk) = 10 A 
Ibi = ioa 

V B E(off)=5.0V 
V C E(pk)=400V 
T c = 25°C 
Time Base = 

100 ns/cm 



*C(pk) = 10 A 
l B i = 1-0 A 
VBE(off) = 5.0 V 
v CE(pk) = 400 V 
T C =25°C 
Time Base = 

20 ns/cm 


If I' 'c 
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MOTOROLA 


MJ16010A 

MIH16010A 


Designer’s Data Sheet 



1.0 kV SWITCHMODE III SERIES 

NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 

power switching in inductive circuits where fall time is critical. 

They are particularly suited for line-operated switchmode appli- 

cations. 


Typical Applications: Features: 

• Switching 

• Collector-Emitter Voltage — 

Regulators 

V CEX = 1000 Vdc 

• Inverters 

• Fast Turn-Off Times 

• Solenoids 

50 ns Inductive Fall Time-100°C (Typ) 

90 ns Inductive Crossover Time - 100°C (Typ) 

• Relay Drivers 

900 ns Inductive Storage Time-100°C (Typ) 

• Motor Controls # 100 o C Performance Specified for: 

• Deflection 

Reverse-Biased SOA with Inductive Load 

Circuits v 

Switching Times with Inductive Loads 


Saturation Voltages 


Leakage currents 

X--o 

4 



MAXIMUM RATINGS 


Rating 

Symbol 

MJ16010A 

MJH16010A 

Unit 

Collector-Emitter Voltage 

VcEO(sus) 

500 

Vdc 

Collector-Emitter Voltage 

V CEV 

1000 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

15 

Adc 

— Peak(1) 

•cm 

20 


Base Current — Continuous 

Ib 

10 

Adc 

— Peak (1) 

*BM 

15 


Total Power Dissipation @ Tc = 25°C 

PD 

175 

135 

Watts 

@ Tc = 100°C 


100 

54 


Derate above Tc = 25°C 

. 

1.0 

1.09 

W/°C 

Operating and Storage Junction 

Tj,T st g 



°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

1.0 | 0.92 

°C/W 

Lead Temperature for Soldering 
Purposes: 1/8" from Case for 

5 Seconds 

t L 

275 

°c 


(1) Pulse Test: Pulse Width = 5.0 ms. Duty Cycle *£ 10%. 


Designer's Data for “Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit Curves — representing boundaries on device characteristics — are given to 
facilitate “worst case" design. 


15 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

500 VOLTS 
125 and 175 WATTS 




MILLIMETERS 

INCHES 


DIM 

MIN 

MAX 

MIN 

MAX 



- 

39.37 

- 

1.550 


nr 

_ 

21 08 

- 

0 830 


nr 

6.35 

7 62 

0 250 

0.300 


D 

0 97 

1.09 

0.038 

0 043 


E 

1 40 

1.78 

0 055 

0.070 


r 

30.1 

BSC 

1.18 

BSC 


G 

10 92 BSC 

0.430 BSC 


H 

5.46 BSC 

0.21 

BSC 


J 

16.89 BSC 

0.66 

BSC 


nr 

11.18 

12.19 

0.440 

0.480 


Q 

3.81 

4.19 

0151 

0.165 


R 


26.67 


1.050 


U 

~4lf1 

5.33 

0.190 

0210 


V 

un 

4 19 

0.151 

0.166 


MJ16010A 



STYLE 1 
PIN 1. BASE 
2. EMITTER 
CASE COLLECTOR 



1 DIMENSIONS Q AND V ARE DATUMS 

2 PH IS SEATING PLANE AND DATUM 

3 POSITIONAL TOLERANCE FOR 
MOUNTING HOLE 0 

| » | 1 13 (0 005)© | T lv©1 
FOR LEADS 


1 » | | 13 (0.00S) © T | V©| 0®] 


CASE 1-05 
TO-204AA 
(Formerly TO-3) 


MJH16010A 



STYLE I 
PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


“1 


!± J 


OIM 

MilLIM 

ETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20 3 


21.08 

0 800 

0 830 

B 

154 

_ 

15 90 

0.610 

0 626 

T -1 

4.1 


5.08 

0165 

0 200 

D 

1 0 


1 65 

0.040 

0.065 

E 

■H 

1 

■ri-i 

firm 

EEHlj 

G 

mu 

I 

msa 

Hill 

IE3 

H 

2.4 

: 

3.20 
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UHJ 
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■E 
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■El 
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EMS 


1F»T 
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ran 
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■ns 

iTm 

mm 
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CASE 340-01 
TO-218AC 
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MJ16010A, MJH16010A 


1.3 


ELECTRICAL CHARACTERISTICS (Tp - 25°C unless otherwise noted) 

Characteristic [ Symbol j Min | Typ | Max [ Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 2) 

(1C = 100 mA, l B = 0) 

VcEO(sus) 

500 

- 

- 

Vdc 

Collector Cutoff Current 
(V C EV = 1000 Vdc, V B E(off) = 1.5 Vdc) 

(VcEV = 1000 Vdc, V BE(o ff) = 1.5 Vdc, T C = 100°C) 

'CEV 

- 

~ i 

0.25 

1.5 

mAdc 

Collector Cutoff Current 
(Vce = 1000 Vdc, R BE = 50 H, T c = 100°C) 

>CER 

— 


2.5 

mAdc 

Emitter Cutoff Current 
(Veb = 6.0 Vdc, lc = 0) 

<EBO 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

>S/b 


See Figures 14 or 15 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 16 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
dC = 5.0 Adc, l B = 1.0 Adc) 
dC = 10 Adc, l B = 2.0 Adc) 

(1C = 10 Adc, l B = 2.0 Adc, T C = 100°C) 

VCE(sat) 

- 

- 

1.0 

1.5 

1.5 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 10 Adc, l B = 2.0 Adc) 


— 

— 

1.5 


(l C = 10 Adc, l B = 2.0 Adc, Tq = 100°C) 


— 

— 

1.5 


DC Current Gain 

h FE 

5.0 


— 

/ 

dC = 15 Adc, V C e = 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

— 

400 1 

PF 

(V C B = 10 Vdc, l E = 0, f t est = 1-0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(l C = 10 Adc, 

V C c = 250 Vdc, 

I B1 = 1.3 Adc, 

PW = 30 ais, 

Duty Cycle *£ 2.0%) 

r— 

(l B2 = 2.6 Adc, 

R B 2 =1.6 11) 

td 

— 

25 

100 

ns 

Rise Time 

t r 

— 

325 

600 

Storage Time 

Is 

— 

1300 

3000 

Fall Time 

tf 


175 

400 

Storage Time 

(V B E(off) = 5.0 Vdc) 

Is 

— 

700 

— 

Fall Time 

tf 

— 

80 

— 

Inductive Load (Table 2) j 

Storage Time 

dC = 10 Adc, 

I B1 = 1.3 Adc, 

VBE(off) = 5.0 Vdc, 
VCE(pk) = 400 Vdc) 

(Tj = 100°C) 

tsv 

— 

900 

2000 

ns 

Fall Time 

tfi 

. ~ 

50 

250 

Crossover Time 

t c 


90 

300 

Storage Time 

0 

1 
ii 

£ 

tsv 

— 

1100 

— 

Fall Time 

tfi 

— 

70 

— 

Crossover Time 

tc 

- 

120 

- 


(1) Pulse Test: PW - 300 /x s. Duty Cycle 2.0%. 
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TYPICAL STATIC CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN 


FIGURE 2 — COLLECTOR-EMITTER SATURATION VOLTAGE 
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FIGURE 3 — COLLECTOR-EMITTER SATURATION VOLTAGE 


FIGURE 4 — BASE-EMITTER SATURATION VOLTAGE 
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FIGURE 5 — CAPACITANCE 


FIGURE 6 — PEAK REVERSE BASE CURRENT 
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MJ16010A, MJH16010A 


TABLE 2 — INDUCTIVE LOAD SWITCHING 


Tl - 


L coil (*Cpk) 


0 - 
-35 \ 





0.02 fiF 

100 ( 

5+V ~ V 

H.P. 214 
or Equiv. 


)\ 

r 

2N6191 

P.G. 


20 

K 

r. 


V 

/r\ ( 

£10 fiF 

1 

« 

4 

| 

l Rbi 

< 

< 

► 50 

f \ 

z' 

n 0.02 fiF 

1.0 fiF 

r +m~ i 

1 

< 

4 

1 

. K 

^ RB2 
2N5337 



4 

< 

► 500 


_ 


J 

L 

100 j 

» _\/ 


Vcc 

T-j adjusted to obtain lc(pk) 

bvceo 

L = 10 mH 
RB2 = 00 
Vcc = 20 Volts 


"Tektronix AM503 
P6302 or Equivalent 



Inductive Switching 

L = 200 fiH 

R B 2 = 0 

V C c = 20 Volts 

Rbi selected for desired Iqi 

Scope — Tektronix 
7403 or 
Equivalent 



n-J 



RBSOA 

L = 200 ii \ H 

RB2 = 0 

Vcc = 20 Volts 

Rbi selected for desired Ibi 


Note: Adjust -V to obtain desired VBE(off) at Point A. 


FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS 



TIME 
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I C . COLLECTOR CURRENT (AMPS) 










MJ16010A, MJH16010A 


GUARANTEED OPERATING AREA INFORMATION 


FIGURE 14 — MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA — MJ16010A 


FIGURE 15 — MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA — MJH16010A 




FIGURE 16 — MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 


FIGURE 17 — POWER DERATING 
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0 40 80 120 160 200 

T C , CASE TEMPERATURE (°C) 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
Iq — Vqe limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves 
indicate. 

The data of Figures 14 and 15 are based on Tc = 
25°C; Tj( p | c ) is variable depending on power level. Sec- 
ond breakdown pulse limits are valid for duty cycles to 
10% but must be derated when Tc ^ 25°C. Second 
breakdown limitations do not derate the same as ther- 
mal limitations. Allowable current at the voltages 
shown on Figures 14 and 15 may be found at any case 
temperature by using the appropriate curve on Figure 
17. 

Tj(pk) may be calculated from the data in Figure 18. 
At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable putting 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 16 gives the RBSOA char- 
acteristics. 
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r(t), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


MJ16010A, MJH16010A 
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(M) MOTOROLA 


MJ 16014 
MJ16016 


Designer’s Datasheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transi stors a re designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. They 
are particularly suited for line-operated switchmode applications. 
The MJ1 601 6 is a selected high-gain version of the MJ1 6014 for 
applications where drive current is limited. 


Typical Applications: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 

• Fast Turn-Off Times 

40 ns Inductive Fall Time — 75°C (Typ) 

40 ns Inductive Crossover Time — 75°C (Typ) 
800 ns Inductive Storage Time — 75°C (Typ) 

• Operating Temperature Range -65 to +200°C 

• 100°C Performance Specified for. 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

Max 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

850 

Vdc 

Emitter Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

20 

Adc 

— Peak (1 ) 

•cm 

30 


Base Current — Continuous 

•b 

10 

Adc 

— Peak (1 ) 

•bm 

20 


Total Power Dissipation @ Tq = 25°C 

Pd 

250 

Watts 

@ T C = 100°C 


143 


Derate above 25°C 


1.43 

W/°C 

Operating and Storage Junction 

T J> T stg 

-65 to +200 

°C 

Temperature'Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

0.7 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1 /8" from Case for 5 Seconds 

t l 

275 

°C 


(1) Pulse Test. Pulse Width = 5 ms, Duty Cycle ^ 10% 


20 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
250 WATTS 



Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case" design. 



2. EMITTER 
CASE. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

38.35 

39.37 

1.510 

1.550 

B 

19.30 

21.08 

0.760 

0.830 

C 

6.35 

7.62 

0.250 

0.300 

D 

1.45 

1.60 

0.057 

0.063 

E 

- 

3.43 

- 

0.135 

F 

29.90 

30.40 

1.177 

1.197 

6 

10.67 

11.18 

0.420 

0.440 

H 

5.21 

5.72 

0.205 

0.225 

J 

16.64 

17.15 

0.655 

0.675 

K 

11.18 

12.19 

0.440 

0.480 

Q 

3.84 

4.09 

0.151 

0.161 

R 

24.89 

26.67 

0.980 

1.050 


CASE 197-01 
MODIFIED TO-3 
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MJ16014, MJ16016 


MJ16014 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic { Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(l C = 100 mA. I B = 0) 

v CE0(sus) 

450 

- 

- 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

< V CEV = 850 Vdc, V B E(off) * 1 5 Vdc > 


- 

- 

0.25 


(V C EV = 850 Vdc, V B E(off) = 1 5 Vdc, T C = 100°C) 


- 

— 

1.5 


Collector Cutoff Current 

>CER 

— 


2.5 

mAdc 

(V C E = 850 Vdc, R BE = 50 H, T C = 1 00°C) 






Emitter Cutoff Current 

'ebo 

— 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 6 


ON CHARACTERISTICS (1 ) 


Collector-Emitter Saturation Voltage 
(l c = 10 Adc, l B = 1.3 Adc) 

(l C = 1 5 Adc, l B = 2.0 Adc) 

dC = 1 5 Adc, l B = 2.0 Adc, T c = 1 00°C) 

v CE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

^BE(sat) 




Vdc 

(l C = 15 Adc, l B = 2.0 Adc) 


— 

- 

1.5 


(lC = 15 Adc, l B = 2.0 Adc, T c = 100°C) 


- 

— 

1.5 


DC Current Gain 

h FE 

5.0 

— 

— 

— 

(l C = 20 Adc, V CE = 5.0 Vdc 


i 





DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

- 

500 

pF 

(V CB = 10 Vdc, l E = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

(l C = 15 Adc, 

V CC = 250 Vdc, 

I B1 = 2.0 Adc, 

PW = 30 M s, 

Duty Cycle ^2.0%) 

(l B2 = 4.0 Adc, 

r b = i.6 n) 

td 

— 

20 

50 

ns 

Rise Time 

tr 

— 

200 

500 

Storage Time 

ts 

— 

1200 

2700 

Fall Time 


— 

200 

350 

Storage Time 

( v BE(off) = 5 0 Vdc ) 

ts 

— 

650 

— 

Fall Time 

tf 

- 

80 

- 

Inductive Load (Table 2) | 

Storage Time 

(»C = 1 5 Adc, 

I B1 = 2.0 Adc, 
v BE(off)= 5.0 Vdc. 
VCE(pk) = 400Vdc) 

(T C = 100°C) 

l S V 

- 

800 

2700 

ns 

Fall Time 

tfi 

— 

50 

200 

Crossover Time 

1c 

— 

90 

250 

Storage Time 

(T C = 150°C) 

Isv 

~ 

1050 

— 

Fall Time 

tfi 


70 

— 

Crossover Time 

tc 

- 

120 

— 


(1 ) Pulse Test: PW - 300 M s. Duty Cycle sS2%. 

•bi 
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MJ16016 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic | 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (Table 2) 
dC= 100 mA. I B = 0) 

v CE0(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 
< V CEV = 850 Vdc, VgE(off) = 1 5 Vdc) 

(V C EV = 850 Vdc, V BE(0 ff) = 1 .5 Vdc, T c = 100°C) 

ICEV 

- 

- 

0.25 

1.5 

mAdc 

Collector Cutoff Current 
(V CE = 850 Vdc, R B E = 50 H, T c = 1 00°C) 

'CER 

— 

— 

2.5 

mAdc 

Emitter Cutoff Current 
(V EB = 6.0 Vdc, lc = 0) 

*EBO 

— 

— 

1.0 

mAdc 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base Forward Biased 

*S/b 

See Figure 1 5 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 6 


ON CHARACTERISTICS (1 ) 


Collector-Emitter Saturation Voltage 
(l c = 10 Adc, l B = 10 Adc) 

(l C = 1 5 Adc, l B = 1 .5 Adc) 

(l C = 1 5 Adc, l B = 1 .5 Adc, T c = 1 00°C) 

v CE(sat) 

- 

- 

2.5 

3.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 15 Adc, l B = 1.5 Adc) 


— 

— 

1.5 


(l C = 15 Adc, l B = 1.5 Adc, T c = 100°C) 


— 

— 

1.5 


DC Current Gain 

h FE 

7.0 

— 

— 

— 

(l c = 20 Adc, V CE = 5.0 Vdc 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

- 

500 

pF 

(V C b = 1 0 Vdc, l E = 0, f tes t = 1 -0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) ] 

Delay Time 

(I C = 15 Adc, 

V C c = 250 Vdc, 

I B1 = 1.5 Adc, 

PW = 30 M s, 

Duty Cycle ^2.0%) 

(l B 2 = 3.0 Adc, 

R B = 1.6H) 

td 

- 

20 

50 

ns 

Rise Time 

t r 

— 

200 

500 

Storage Time 

ts 

— 

900 

2200 

Fall Time 

tf 

— 

100 

250 

Storage Time 

( v BE(off)= 5 0 Vdc) 

^s 

— 

500 

— 

Fall Time 

tf 

— 

40 

- 

Inductive Load (Table 2) j 

Storage Time 

(l C = 15 Adc, 

I B1 = 1.5 Adc, 
v BE(off) = 5 0 Vdc < 
v CE(pk) = 400 Vdc > 

(T C = 100°C) 

t S V 

- 

750 

2500 

ns 

Fall Time 

tfi 

— 

30 

150 

Crossover Time 

tc 

— 

50 

200 

Storage Time 

(T C = 1 50° C) 

tsv 

— 

900 

— 

Fall Time 

tfi 

— 

30 

— 

Crossover Time 

tc 

— 

70 

- 


(1 ) Pulse Test: PW - 300 jxs. Duty Cycle <2%. 
*flf= *C 
'B1 
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1.3 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - COLLECTOR SATURATION REGION 



l B , BASE CURRENT (AMPS) 


FIGURE 3 - COLLECTOR-EMITTER SATURATION REGION FIGURE 4 - BASE-EMITTER VOLTAGE 
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l C , COLLECTOR CURRENT (AMPS) 1C- COLLECTOR CURRENT (AMPS) 


FIGURE 5 - COLLECTOR CUTOFF REGION FIGURE 6 - CAPACITANCE 



V B £, BASE EMITTER VOLTAGE (VOLTS) 


V R . REVERSE VOLTAGE (VOLTS) 
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FIGURE 1 3 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 


FIGURE 14 - REVERSE BASE CURRENT 



GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 15 — MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 16 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 




SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor, average junction temperature and second 
breakdown. Safe operating area curves indicate \ q — Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 15 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 5 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 8. 

Tj(pk) may be calculated from the data in Figure 17. 
At high case temperatures, thermal limitations will reduce 


the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. Thiscan be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 6 
gives the RBSOA characteristics. 
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TABLE 2 - INDUCTIVE LOAD SWITCHING 


_ L CO || Ocpk) 

Tl adjusted to obtain lc(pk) 

BVCEO 

L = 10 mH 

R B 2 = 30 
V CC = 20 Volts 



Rgi selected for desired Igi 


Rgj selected for desired Igi 


‘Tektronix 
P-6042 or 
Equivalent 


Scope - Tektronix 
7403 or 
Equivalent 


Note Adjust -V to obtain desired V BB ( 0 ff) at Point A. 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


tsv 


! C(pk) = 15 A 
I B 1 = 1-5 A 
v BE(off) = 5 0 Volts 
v CE(pk) = 400 Volts 
T C = 25°C 
Time Base = 1 00 
ns/cm 



v CE{sat)j 


'C(pk) = 1 5 A 
«B1 = 1 5 A 
v BE(off) = 5 0 Volts 
v CE(pk) = 400 Volts 
T c = 25°C 
Time Base = 10 
ns/cm 
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MOTOROLA 


MJ 16018 
MJH16018 


Designers Data Sheet 


1.5 kV SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

These transistors are designed for high-voltage, high-speed, 
power switching in inductive circuits where fall time is critical. 
They are particularly suited for line-operated switchmode appli- 
cations. 


Typical Applications: 

• Switching 

Regulators 

• Inverters 

• Solenoids 

• Relay Drivers 

• Motor Controls 

• Deflection 

Circuits 



Features: 

• Collector-Emitter Voltage — 

VCEX = 1500 Vdc 

• Fast Turn-Off Times 

280 ns Inductive Fall Time - 100°C (Typ) 

470 ns Inductive Crossover Time - 100°C (Typ) 
2.6 fji s Inductive Storage Time - 100°C (Typ) 

• 100°C Performance Specified for: 

Reverse-Biased SOA with 
Inductive Load 

Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


10 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

800 VOLTS 
150 AND 175 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

MJ16018 

MJH16018 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

800 

Vdc 

Collector-Emitter Voltage 

VCEX 

1500 

Vdc 

Emitter-Base Voltage 

V E B 

6.0 

Vdc 

Collector Current 




Adc 

— Continuous 

! C 

10 


— Peak (1) 

•cm 

15 


Base Current 




Adc 

— Continuous 

Ib 

8.0 


— Peak (1) 

>BM 

12 


Total Device Dissipation 

PD 



Watts 

@ Tc = 25°C 


175 

150 


@ T C = 100°C 


100 

50 


Derate above 25°C 


1.0 

1.0 

W/°C 

Operating and Storage 

Tj'Tstg 

-65 to 200 

-55 to 150 

°C 

Junction Temperature 





Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, 

Junction to Case 

r 6JC 

1.0 

1.0 

°c/w 

Lead Temperature for 
Soldering Purposes, 1/8" 
from Case for 5 Seconds. 


275 

°c 


(1) Pulse Test: Pulse Width « 5.0 Duty Cycle s* 10%. 


Designer's Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the information 
presented. Limit Curves — representing boundaries on device characteristics — are given to 
facilitate "worst case" design. 
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1.3 


MJ16018 

MJH16018 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (Table 2) 

(|0 = 100 mA, lg = 0) 

v CE0(sus) 

800 

— 

— 

Vdc 

Collector Cutoff Current 

ICEV 




mAdc 

(V C EV = 1500 Vdc, V B E(off) = 1.5 Vdc) 


— 

— 

0.25 


(VCEV = 1500 Vdc, V B E(off) = 1.5 Vdc, T C = 100°C) 


— 

— 

1.5 


Collector Cutoff Current 

*CER 

— 

_ 

2.5 

mAdc 

(Vce = 1500 Vdc, Rbe = 50 ft, Tq = 100°C) 






Emitter Cutoff Current 

'EBO 

— 

— 

1.0 

mAdc 

(Veb = 6.0 Vdc, lc = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

ls/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 
(1C = 5.0 Adc, Ib = 1.0 Adc) 
dC = 10 Adc, l B = 4.0 Adc) 
dC = 5.0 Adc, l B = 1.0 Adc, T C = 100°C) 

v CE(sat) 

- 

- 

1.5 

1.5 

2.0 

Vdc 

Base-Emitter Saturation Voltage 

VBE(sat) 




Vdc 

dC = 5.0 Adc, l B = 1.0 Adc) 


— 

— 

1.5 


OC = 5.0 Adc, l B = 1.0 Adc, T C = 100°C) 



— 

1.5 


DC Current Gain 

h FE 

7.0 

_ 

— 

— 

dC = 5.0 Adc, V C E = 5.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

C 0 b 

— 

_ 

400 

PF 

(V C B = 10 Vdc, l E = 0, f t est = 1-0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

flC = 5.0 Adc, 

V C C = 250 Vdc, 

( B1 = 1-0 Adc, 

PW = 30 /xs, 

Duty Cycle *£ 2.0%) 

(l B 2 = 2.0 Adc, 

R B 2 = 3.0 ft) 

td 

— 

50 

100 

ns 

Rise Time 

«r 

— 

300 

400 

Storage Time 

Is 

— 

2000 

3000 

Fall Time 

tf 

— 

900 

1200 

Storage Time 

(V B E(off) - 2.0 Vdc) 

Is 

— 

1600 

2400 

Fall Time 

tf 

— 

500 

650 

Inductive Load (Table 2) 

Storage Time 

(1C = 5.0 Adc, 
iBl =1.0 Adc, 
v BE(off) = 2.0 Vdc, 
VCE(pk) = 400 Vdc) 

(Tj = 25°C) 

tsv 

— 

2000 

3000 

ns 

Fall Time 

' 

tfi 

— 

200 

400 

Crossover Time 

tc 

— 

350 

500 

Storage Time 

(Tj = 100°C) 

tsv 

— 

2600 

3600 

Fall Time 

tfi 

— 

280 

460 

Crossover Time 

tc 

— 

470 

620 


(1) Pulse Test: PW — 300 pts. Duty Cycle 2.0%. 
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tc, CROSSOVER TIME (ns) t sv , STORAGE TIME (ns) 


MJ1 601 8, MJH16018 


TYPICAL INDUCTIVE SWITCHING CHARACTERISTICS 


FIGURE 7 — STORAGE TIME 



2.0 3.0 5.0 7.0 10 

l C , COLLECTOR CURRENT (AMPS) 


FIGURE 9 — CROSSOVER TIME 




T C = 75°C ~ 
~V C C = 20 V~ 


2.0 3.0 5.0 7.0 10 

lC, COLLECTOR CURRENT (AMPS) 


FIGURE 8 — COLLECTOR CURRENT FALL TIME 

1 1 1 1 1 1 — i — r 


VBE(off) = 2-0 V 



:/3f* = 5.o : 
-T C = 75°C - 
~V C C = 20 V- 


.0 

l( 

FIGURE 10 — IIS 
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FIGURE 11 — POWER DERATING 
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MJ16018, MJH16018 


GUARANTEED SAFE OPERATING AREA LIMITS 


FIGURE 12 — MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 


FIGURE 13 — MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 




200 400 600 800 1000 1200 1400 1600 1800 2000 V 

v CE(pk). PEAK COLLECTOR CURRENT (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
\ q — V CE limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 12 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second break- 
down pulse limits are valid for duty cycles to 10% but 
must be derated when Tq ^ 25°C. Second breakdown 
limitations do not derate the same as thermal limita- 
tions. Allowable current at the voltages shown on Figure 
12 may be found at any case temperature by using the 
appropriate curve on Figure 11. 

Tj(pk) may be calculated from the data in Figure 14. 
At high case temperatures, thermal limitations will re- 


duce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base-to-emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value 
of collector current. This can be accomplished by sev- 
eral means such as active clamping, RC snubbing, load 
line shaping, etc. The safe level for these devices is 
specified as Reverse Bias Safe Operating Area and rep- 
resents the voltage-current condition allowable during 
reverse biased turn-off. This rating is verified under 
clamped conditions so that the device is never subjected 
to an avalanche mode. Figure 13 gives the RBSOA char- 
acteristics. 


FIGURE 14 — THERMAL RESPONSE 


o 
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MJ16018, MJH16018 


TABLE 1 — RESISTIVE LOAD SWITCHING 



,_n 


fV 


a — - fg> - 


Iffi: 


V CC ' 


V CC = 250 I B 1 = 1.0 Adc Rbi = 10 0 

Rl = 50 O Ig2 = 2.0 Adc Rg2 = 3.0 O 

Iq = 5.0 Adc For Vgg( 0 ff) = 2.0 V Rg2 = 00 

*Note Adjust -V to obtain desired Vg^(off) at P° ir| t A 


r ~ *-COll ^Cpk) 

1 ~~ V CC 

Tj adjusted to obtain lc(pk) 


V(BR)CEO(sus) 

L = 10 mH 

R B2 = 00 
Vcc = 20 Volts 


•Tektronix 
AM503 
P6302 or 
Equivalent 


TABLE 2 — INDUCTIVE LOAD SWITCHING 



Scope - Tektronix 
7403 or 

Equivalent Note Adjust -V to obtain desired Vg£( 0 ff) at Point A 


'll— <M 




(M) MOTOROLA 


MJE105 


MEDIUM-POWER PNP SILICON TRANSISTOR 

. . . for use as an output device in complementary audio amplifiers 
up to 20-Watts music power per channel. 

• High DC Current Gain - hp£ = 25-100 @ lc = 2.0 A 

• Thermopad High-Efficiency Compact Package 

• Complementary to NPN MJE205 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

4.0 

Vdc 

Collector Current 

*C 

5.0 

Adc 

Base Current 

<B 

2.5 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

PdU> 

65 

0.522 

Watts 

W/°C 

1 

Operating and Storage Junction 

Temperature Range 

t J' T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

1 92 

°C/W 


( 1 ) Safe Area Curves are indicated by F igure 1 . Both limits are applicable and must be observed 

ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | Symbol | Min | Max \ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 

(l c = 100 mAdc, l B = 0) 

bv CEO 

50 


Vdc 

Collector Cutoff Current 

'CBO 



mAdc 

(V CB = 50 Vdc, l E = 0) 


- 

0.1 


(V CB = 50 Vdc, l E ' = 0, T C = 1 50°C) 


- 

2.0 


Emitter Cutoff Current 

•ebo 



mAdc 

(V BE = 4.0 Vdc, l C = 0) 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(1C =2.0 Adc, V CE = 2.0 Vdc) 

h FE 

25 

100 

- 

Base-Emitter Voltage 

(»C = 2 0 Adc, V CE 3 2.0 Vdc) 

Vbe 


1.2 

Vdc 


(2) Pulse T est: Pulse Width ^s300 ns, Duty Cycle ^2.0%. 


5 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

50 VOLTS 
65 WATTS 



— [ 

"B- 

u n 



M 


\ } 

1 2 3 

Q 

l 

t - 

A 

4_, 

P 

k 

1 

[TU 


VT 

lh 

♦ 

K 

i 


a 

u 

->*- D 

T 

— 1 



p STYLE 2: 

jf PIN 1. EMITTER 

fi-uM-a .am } r Q 2. COLLECTOR 

k~T 3. BASE 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.166 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

90 

TYP 

9° 

TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U ! 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 
TO- 127 
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Ic, COLLECTOR CURRENT (AMPS) 


MJE105 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 




0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

IC, COLLECTOR CURRENT (AMPS) 


There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - VqE limits of the transistor 
that must be observed for reliable operation, i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 
The data of Figure 1 is based on Tj(p( < ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) <150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 



0.01 0.02 0.03 0 05 0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 4.0 

IC, COLLECTOR CURRENT (AMPS) 


FIGURE 4 - POWER DERATING 
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MOTOROLA 


MJE170 thru MJE172 pnp 
MJE180 thru MJE182 npn 


COMPLEMENTARY PLASTIC SILICON 
POWER TRANSISTORS 

. . . designed for low power audio amplifier and low current, high 
speed switching applications. 

• Collector-Emitter Sustaining Voltage - 

VCEO(sus) = 40 Vdc - MJE170, MJE180 
= 60 Vdc — MJE171, MJE181 
= 80 Vdc - MJE172, MJE182 

• DC Current Gain — 

hpE = 30 (Min) @ Iq = 0.5 Adc 
= 12 (Min) @10= 1.5 Adc 

• Current-Gain — Bandwidth Product — 

f T = 50 MHz (Min) @ l C = 100 mAdc 

• Annular Construction for Low Leakages — 

ICBO = 1 00 nA (Max) @ Rated Vqb 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE170 

MJE180 

MJE171 

MJE181 

MJE172 

MJE182 

Unit 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

Vdc 

Emitter-Base Voltage 

V EB 

A 

Vdc 


Collector Current — Continuous 

Peak 

>C 


Adc 



Base Current 

>B 


Adc 


Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 


Watts 

W/°C 



Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

P D 


Watts 

W/°C 

« 0 1 - 


Operating and Storage Junction 
Temperature Range 

Tj,T s tg 

^ — 65 to ”f” 1 50 ► 

°C 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

10 

°C/W 

Thermal Resistance, Junction to 
Ambient 

0JA 

83.4 

°C/W 



3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80 VOLTS 
12.5 WATTS 




STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

3 TYP 

3° T 

YP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO-126 
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MJE170, MJE171, MJE172, PNP MJE180, MJE181, MJE182 NPN 


ELECTRICAL CHARACTERISTICS (Tq= 25°C unless otherwise noted) 


Characteristic 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(l c - 10 mAdc, l B = 0) 


Collector Cutoff Current 
(V C b = 60 Vdc, l E - 0) 

(V CB = 80 Vdc, l E = 0) 

(V CB = 100 Vdc, l E = 0) 

(V CB = 60 Vdc, l E = 0, T C = 1 50°C) 
(V CB = 80 Vdc, l E = 0, T C = 150°C) 
(V C b = 100 Vdc, l E = 0, T c = 1 50°C) 

Emitter Cutoff Current 
(V B E = 7.0 Vdc, l c = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(1C = 100 mAdc, Vce = 10 Vdc) 

(l C = 500 mAdc, V C E = 1.0 Vdc) 

(l C = 1.5 Adc, V C E = 1.0 Vdc) 

Collector-Emitter Saturation Voltage 
(Iq = 500 mAdc, l B = 50 mAdc) 

(l C = 1.5 Adc, I B = 150 mAdc) 

(l C = 3.0 Adc, l B = 600 mAdc) 

Base-Emitter Saturation Voltage 
0c =1.5 Adc, l B = 150 mAdc) 

(l C = 3.0 Adc, l B = 600 mAdc) 

Base-Emitter On Voltage 
(1C = 500 mAdc, V CE = 1.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (1) 

( I c = 100 mAdc, V CE = 10 Vdc, f test = 


Output Capacitance 

(Vcb = 10 Vdc, l E = 0, f = 0.1 MHz) 


MJE170, MJE180 
MJE171, MJE181 
MJE172, MJE182 

MJE170, MJE180 
MJE171, MJE181 
MJE172, MJE182 
MJE170, MJE180 
MJE171, MJE181 
MJE172, MJE182 


MJE170/MJE172 

MJE180/MJE182 


VcEO(sus) 


I 



(1) fj = |hf e | • f t est 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 



t r , tfSlI O ns 
DUTY CYCLE = 1.0% 



RB and Rg VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVE RY TYPE, eg: 
MBD5300 USED ABOVE 1 b =100 mA 
MSD6100 USED BELOW Ib =100 mA 
For PNP test circuit, reverse all polarities. 


FIGURE 3 - TURN-ON TIME 




PNP MJE170/MJE172 I 
NPN MJE 1 80/MJE 182 " 


0.03 0.05 0.07 0.1 


0.2 0.3 0.5 0.7 1.0 


1C, COLLECTOR CURRENT (AMP) 


Era 










r(t), TRANSIENT THERMAL 

1C, COLLECTOR CURRENT (AMP) RESISTANCE (NORMALIZED) 










6y, TEMPERATURE COEFFICIENTS (mV/°C) V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 


MJE170, MJE171, MJE172, PNP MJE180, MJE181, MJE182 NPN 


1.3 


PNP 

MJE170, MJE171, MJE172 


NPN 

MJE180, MJE181, MJE182 


FIGURE 9 - DC CURRENT GAIN 





1C, COLLECTOR CURRENT (AMP) 


“ON” VOLTAGES 



FIGURE 11 - TEMPERATURE COEFFICIENTS 
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lc, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 











MOTOROLA 


MJE200 npn 
MJE210 pnp 


COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

. . . designed for low voltage, low-power, high-gain audio amplifier 
applications. 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 25 Vdc (Min) @ l£ = 10 mAdc 

• High DC Current Gain — hp£ = 70 (Min) @ Iq = 500 mAdc 

= 45 (Min) @ Iq = 2.0 Adc 
= 10 (Min) @ lc = 5.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 0.3 Vdc (Max) @ Iq = 500 mAdc 
= 0.75 Vdc (Max) @ lc = 2.0 Adc 

• High Current-Gain — Bandwidth Product — 

fj = 65 MHz (Min) @ Iq = 100 mAdc 

• Annular Construction for Low Leakage — IcBO = 1 00 nAdc@ Rated Vqb 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Base Voltage 

V CB 

40 

Vdc 

Collector-Emitter Voltage 

v CEO 

25 

Vdc 

Emitter-Base Voltage 

CD 

LU 

> 

8.0 

Vdc 

Collector Current — Continuous 

*c 

5.0 

Adc 

Peak 


10 


Base Current 

'b 

1.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

15 

Watts 

Derate above 25°C 

0.12 

W/°C 

Total Power Dissipation @ T/\ = 25°C 

Pd 

1.5 

Watts 

Derate above 25°C 


0.012 

W/°C 

Operating and Storage Junction 

Tj,T St g 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

8.34 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

83.4 

°c/w 



5 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

25 VOLTS 
15 WATTS 






STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

“if 1 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

mm 

f fl 


I'M'B 

iiHHM 

j 

0.38 

0.64 


l»ml*w 

MM 

imii 

miM 



MM 

3 

TYP 

3° T 

YP 

Q 


■mi 


lilL* 

R 

1.14 

1.40 

0.045 

0.055 

MM 

mm 


liliVTi 


■9 

Kliiil 


lilfM 


B 


- 

1 ili-iil 

- 


CASE 77-04 
TO-126 


1-801 






MJE200, 1MPIM MJE210 PIMP 


1.3 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

v CEO(sus) 

25 

_ 

Vdc 

(l C = lOmAdc, l B = O) 




Collector Cutoff Current 

'CBO 




(V C b = 40 Vdc, l£ = 0) 

— 

100 

nAdc 

(V C B = 40 Vdc, 1 E = O, T j = 1 25°C) 


- 

100 

MAdc 

Emitter Cutoff Current 

<EBO 



nAdc 

(V BE = 8.0 Vdc, l c = 0) 

! 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 

(l c = 500 mAdc, Vqe = 1-0 Vdc) 

(l C = 2.0 Adc, Vqe = 10 Vdc) 

(l C = 5.0 Adc, V CE = 2.0 Vdc) 

h FE 

H 

180 


Collector-Emitter Saturation Voltage (1) 

v CE(sat) 



Vdc 

(l C = 500 mAdc, lg = 50 mAdc) 


— 



(1C = 2.0 Adc, lg = 200 mAdc) 


— 



(l C = 5.0 Adc, lg= 1.0 Adc) 


- 



Base-Emitter Saturation Voltage (1) 

v BE(sat) 

- 

2.5 

Vdc 

(l C = 5.0 Adc, l B = 1.0 Adc) 





Base-Emitter On Voltage (1) 

VBE(on) 

- 

1.6 

Vdc 

(l C = 2.0 Adc, V CE = 1.0 Vdc) 





DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product (2) 

fT 

65 

- 

MHz 

(l c = 100 mAdc, V CE = 10 Vdc, f test = 10 MHz) 





Output Capacitance 

Cob 



pF 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) MJE200 


— 

80 


MJE210 


- 

120 



( 1 ) Pulse test: Pulse Width = 300 ms, Duty Cycle ^ 2.0%. 

(2) f y = | hf e | • ft es t 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 



Re and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ABOVE Ifi ^100 mA 
MSD6100 USED BELOW Ib ^100 mA 

FOR PNPTEST CIRCUIT, REVERSE ALL POLARITIES 



0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0 


1C, COLLECTOR CURRENT (AMP) 
























r(t), TRANSIENT THERMAL RESISTANCE 
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MJE200, NPN MJE210 PNP 


FIGURE 4 - THERMAL RESPONSE 
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FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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1C, COLLECTOR CURRENT (AMP) 


There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown. 
Safe operating area curves indicate IcVcE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure5 is based on Tjjp^j = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j( p k) ^ 150°C. T j(pk) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
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MJE205 



MOTOROLA 


MEDIUM-POWER NPN SILICON TRANSISTOR 


. . . for use as an output device in complementary audio amplifiers 
up to 20-Watts music power per channel. 

• High DC Current Gain — hpE = 25-100 @ lc = 2.0 A 
•Thermopad High-Efficiency Compact Package 
•Complementary to PNP MJE 105 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

50 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

*c 

5.0 

Adc 

Base Current 

•b 

2.5 

Adc 

Total Device Dissipation @Tc = 25 u C 

PDt 

65 

Watts 

Derate above 25°C 


0.522 

W/°C 

Operating and Storage Junction 
Temperature Range 

Tj. T st g 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 jc 

1.92 

°C/W 


tSafe Area Curves are indicated by Figure 1. Both limits are applicable and must be observed. 


ELECTR ICA L CHARACTER ISTICS (Tq = 25°C unless otherwise noted) 


| Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage t 
(1C = 100 mAdc, l B = 0) 

ev CEO :f: 

50 


Vdc 

Collector Cutoff Current 

'CBO 



mAdc 

( V C B = 50 Vdc, l E =0) 


- 

0.1 


(V C b = 50 Vdc, l E = 0, T C =150°C) 


- 

2.0 


Emitter Cutoff Current 

'EBO 



mAdc 

(V BE = 4.0 Vdc, l c = 0) 


- 

1.0 


ON CHARACTERISTICS 

DC Current Gain 

h F E 



_ 

(l C = 2.0 Adc, V CE = 2.0 Vdc) 


25 

100 


Base-Emitter Voltage 

V BE 



Vdc 

<I C = 2.0 Adc, V CE = 2.0 Vdc) 


- 

1.2 



t Pulse Test: Pulse Width <1300 jus, Duty Cycle ^2.0%. 


5 AMPERE 

POWER TRANSISTOR 

NPN SILICON 

50 VOLTS 
65 WATTS 




DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.22 BSC 

0.161 

5 BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 


TYP 

9° TYP 

Q 

4.70 

4.95 

0.185 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 
TO- 127 


1-805 







Ic. COLLECTOR CURRENT (AMPS) 


MJE205 


FIGURE 1 - ACTIVE REGION SAFE 
OPERATING AREA 
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IC, COLLECTOR CURRENT (AMPS) 


Note 1 : 

There are two limitations on the power handling ability of a 
transistor; average junction temperature and second breakdown 
Safe operating area curves indicate \q - VqE limits of the transistor 
that must be observed for reliable operation, i.e , the transistor must 
not be subjected to greater dissipation than the curves indicate 

The data of Figure 1 is based on Tj(p| < ) = 150°C; Tq is variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<) <150°C At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 
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FIGURE 4 - POWER DERATING 



1-806 






NPN 

MJE240 thru MJE244 
@) motorola HJE250 thru MJE254 


COMPLEMENTARY SILICON POWER 
PLASTIC TRANSISTORS 

. . . designed for low power audio amplifier and low-current, high- 
speed switching applications. 

• High Collector-Emitter Sustaining Voltage - 

v CEO(sus) = 80 Vdc (Min) - MJE240/2, MJE250/2 
= 100 Vdc (Min) - MJE243/4, MJE253/4 

• High DC Current Gain @ Iq = 200 mAdc 

hpE = 40-200 - MJE240, MJE250 

= 40-120 - MJE241.243, MJE251.253 
= 25 (Min) - MJE242,44, MJE252.54 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 8-8 Vdc (Max) @ Iq = 500 mAdc 

• High Current Gain Bandwidth Product — 

fy = 40 MHz (Min) @ Iq = 100 mAdc 

• Annular Construction for Low Leakages 

ICBO = 180 nAdc (Max) @ Rated Vqb 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE240 

MJE241 

MJE242 

MJE250 

MJE251 

MJE252 

MJE243 

MJE244 

MJE253 

MJE254 

Unit 

Collector-Emitter Voltage 

v CEO 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

7 0 

Vdc 

Collector Current — Continuous 

•c 

40 

Adc 

Peak 


80 


Base Current 

<B 

1 0 

Adc 

Total Power Dissipation @ Tq = 25°C 

PD 

15 

Watts 

Derate above 25°C 


0 12 

W/°C 

Total Power Dissipation @ T^ = 25°C 

Pd 

1 5 

Watts 

Derate above 25°C 


0 012 

W/°C 

Operating and Storage Junction 

T J'T s tg 

-65 to 

+ 150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

8 34 

°C/W 

Thermal Resistance, Junction to Ambient 

0JA 

83 4 

°c/w 



4 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

80, 100 VOLTS 
15 WATTS 




N 1 EMITTER 

2 COLLECTOR 

3 BASE 


DIM 

MILLIMETERS 

INCHES ! 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11 05 

0 425 

0.435 

B 

7 49 

7 75 

0.295 

0 305 

C 

2.41 

2.67 

0.095 

0 105 

D 

0.51 

0 66 

0.020 

0.026 

F 

2.92 

3 18 

0.115 

0.125 

G 

2 31 

2 46 

0 091 

0.097 

~~H~| 

1.27 

241 

0.050 

0.095 

Tj 

0 38 

0.64 

0015 

0.025 

X 

15.11 

16.64 

0.595 

0.655 

M j 

3 

TYP 

3° TYP 

~g~ 

3.76 

4.01 

0.148 

0 158 

B ! 

1.14 

1.40 

0 045 

0.055 

~S| 

0 64 

0 89 

0.025 

0.035 

~Uj 

3.68 

3.94 

0 145 

0.155 

X 

1.02 

- 

0.040 

- 


CASE 77-04 

TO-126 


1-807 





MJE240 thru MJE244, NPN 
MJE250 thru MJE254, PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


1 Characteristic 

| Symbol | 

Min 1 

Max | 

| Unit | 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage 
(l C = lOmAdc, l B = 0) 

MJE240.MJE241 ,MJE242, 
MJE250,MJE251,MJE252 
MJE243,MJE244 
MJE253.MJE254 

v CEO(sus> 

80 

100 

- 

Vdc 

Collector Cutoff Current 


'CBO 




(V CB = 80 Vdc, l E = 0) 

MJE240,MJE241,MJE242, 


- 

0.1 

juAdc 


MJE250.MJE251 ,MJE252 





(V CB = 100 Vdc, l E = 0) 

MJE243,MJE244, 


- 

0.1 



MJE253.MJE254, 





(V CE = 80 Vdc, l E = 0. T C = 1 25°C) 

MJE240,MJE241,MJE242 


- 

0.1 

mAdc 


MJE250,MJE251,MJE252, 





(V C E = 100 Vdc, l E = 0, T C = 1 25°C) 

MJE243.MJE244 


- 

0.1 



MJE253.MJE254 





Emitter Cutoff Current 


>EBO 



pAdc 

(V BE = 7.0Vdc, l c = 0) 



- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 

(1C * 200 mAdc; V C E = 10 Vdc) MJE240.MJE250 

MJE241 ,MJE251, 
MJE243.MJE253 
MJE242.MJE252, ) 
MJE244,MJE254 1 

(1C = 1.0 Adc, V CE = 1.0 Vdc) MJE241 .MJE251, 

MJE243.MJE253 

(l C = 1.0 Adc, V CE = 1.0 Vdc) MJE242,MJE252 ) 

MJE244.MJE254 ) 

(1C = 2.0 Adc, V C E * 10 Vdc) MJE240,MJE250 

h FE 

— 

40 

40 

40 

25 

20 

15 

10 

15 

200 

120 

180 


Collector-Emitter Saturation Voltage 
(lc = 500 mAdc, l B = 50 mAdc) All Types 

(l c = 1.0 Adc, l B = 100 mAdc) MJE241.MJE251, » 

MJE243,MJE253 \ 

(l C » 2.0 Adc, l B = 200 mAdc) MJE240, MJE250 

v CE(sat) 

- 

0.3 

0.6 

0.8 

Vdc 

Base-Emitter Saturation Voltage 
(1C = 2.0 Adc, l B = 200 mAdc) 

v BE(sat) 


1.8 

. - .. ] 

Vdc 

Base-Emitter On Voltage 
(1C = 500 mAdc, V CE = 1.0 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(1C = 100 mAdc, V C E * 10 Vdc, f test = 10 MHz) 

fT 

40 

_ 

MHz 

Output Capacitance 

(V C B = 10 Vdc, l E = 0, f = 0.1 MHz) MJE240/MJE244 

Cob 


50 


(VIJE250/MJE254 


- 

70 



FIGURE 2 - SWITCHING TIME TEST CIRCUIT 


FIGURE 3 - TURN-ON TIME 


':n__ 



+11 V 
0 


t r , ns 

DUTY CYCLE = 1.0% 

RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg 
MBD5300 USED ABOVE Ib ~100 mA 
MS06100 USED BELOW Ifi ^100 mA 


FOR PNP TEST CIRCUIT, REVERSE ALL POLARITIES 
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MJE240 thru MJE244, NPN 
MJE250 thru MJE254, PNP 


"FIGURE 4 - THERMAL RESPONSE 


£o.oi- T TUT 

‘ 0 (SINGLE PULSE) 


DUTY CYCLE, 0 = ti/t2 


0JC " 8.34°C/W Max 


D CURVES APPLY FOR POWER 


READ TIME At tj 


'J(pk) - Tc = P(pk) pJC'U J 


2.0 

t, TIME (ms) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 


s l IT HIT: 


THERMALLY LIMITED @ Tq = 25°C 


(SINGLE PULSE) 


KSS5& 

mm 


There are two limitations on the power handling ability of a 
transistor average junction temperature and second breakdown 
Safe operating area curves indicate Iq ^CE limits of the transistor 
that must be observed for reliable operation, i e , the transistor 
must not be subjected to greater dissipation than the curves indicate 
The data of F igure 5 is based on T j( p j < j = 1 50°C; Tq is variable 
depending on conditions Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j ( P k ) ^ 150°C. Tj^pkj may be 
calculated from the data in Figure 4 At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 
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FIGURE 7 - CAPACITANCE 
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MJE240 thru MJE244, NPN 
MJE250 thru MJE254, PNP 


1.3 


NPN 

MJE240 thru MJE244 
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FIGURE 9- "I 
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MJE340 



MOTOROLA 


PLASTIC MEDIUM POWER NPN 
SILICON TRANSISTOR 

. . . useful for high-voltage general purpose applications. 

• Suitable for Transformerless, Line-Operated Equipment 

• Thermopad Construction Provides High Power Dissipation Rating 
for High Reliability 


MAXIMUM RATINGS 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current — Continuous 

'c 

500 

mAdc 

Total Power Dissipation @ Tq = 25°C 

PD 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J« T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

6.25 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 



OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
< 1 c = 1 0 mAdc, lg = 0) 

v CEO(sus) 

300 

- 

Vdc 

Collector Cutoff Current 
(V CB = 300 Vdc, l E =0) 

'CBO 

- 

100 

MAdc 

Emitter Cutoff Current 
(V£B = 3.0 Vdc, l c f 0) 

<EBO 

- 

100 

MAdc 

ON CHARACTERISTICS 

DC Current Gain 
(Iq = 50 mAdc, V CE = 10 Vdc) 

h F E 

30 

240 

- 
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MJE340 



20 40 60 80 100 120 140 

TC, CASE TEMPERATURE (°C) 



IQ. COLLECTOR CURRENT (mA) 


ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 3 -MJE340 



There are two limitations on the power handling ability of a transistor: average junction temperature and second breakdown. Safe operating 
area curves indicate IC'VcE limits of the transistor that must be observed for reliable operation; i.e., the transistor must not be subjected 
to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tjjp^) = 150°C; Tq is variable depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) < 150°C. At high case temperatures, thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 4- DC CURRENT GAIN 



1-812 








MJE341 

MJE344 



MOTOROLA 


PLASTIC NPN SILICON 
MEDIUM-POWER TRANSISTORS 

. . .useful for medium voltage applications requiring high f j such as 
converters and extended range amplifiers. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE341 

MJE344 

Unit 

Collector-Emitter Voltage 

v CEO 

150 

200 

Vdc 

Collector-Base Voltage 

V CB 

175 

200 

Vdc 

Emitter-Base Voltage 

veb 

3.0 

5.0 

Vdc 

Collector Current — Continuous 

'C 

— 500 

mAdc 

Base Current 

>B 

250 

mAdc 

Total Power Dissipation @Tc = 25°C 
Derate above 25°C 

Pd 

20 

0.16 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

— 65 to +150 — 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

6.25 

°C/W 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate IC'^CE limits of the transistor 
that must be observed for reliable operation; i.e. ( the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj^) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p ^) <150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


0.5 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

150-200 VOLTS 
20 WATTS 




H r C 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

~A| 

10.80 

11.05 

0.425 

0.435 

~B~1 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

“gi 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 


0.38 

0.64 

0.015 

0.025 

~K~ 

15.11 

16.64 

0.595 

0.655 

M 

' 3' 

TYP 

3° T 

YP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO- 126 


1-813 






MJE341, MJE344 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 


v CEO(sus) 



Vdc 

(l C = 1.0 mAdc, l B = 0) 

MJE341 


150 

- 


MJE344 


200 

- 


Collector Cutoff Current 


•CEO 



mAdc 

(V C e = 150 Vdc, l B = 0) 

MJE341 


- 

1.0 


(V C £ = 200 Vdc, l B = 0) 

MJE344 


- 

1.0 


Collector Cutoff Current 


>CBO 



mAdc 

(V C b = 175 Vdc, l E = 0) 

MJE341 


- 

0.3 


(V CB = 200 Vdc, l E = 0) 

MJE344 


- 

0.1 


Emitter Cutoff Current 


'ebo 



mAdc 

(V EB = 3.0 Vdc, l c = 0) 

MJE341 

I 

- 

0.1 


(V EB = 5.0 Vdc, l C = 0) 

MJE344 


- 

0.1 



ON CHARACTERISTICS 


DC Current Gain 
(l C = 10 mAdc, V C E = 10 Vdc) 

(l c = 50 mAdc, V C E = 10 Vdc) 

(lC = 150 mAdc, Vqe = 10 Vdc) 

MJE341 

MJE341 

MJE344 

MJE341 

h FE 

20 

25 

30 

20 

200 

300 


Collector-Emitter Saturation Voltage 


v CE(sat) 



Vdc 

(1 C ~ 50 mAdc, l B = 5.0 mAdc) 

MJE344 


- 

1.0 


0c = 150 mAdc, l B = 15 mAdc) 

MJE341 


- 

2.3 


Base-Emitter On Voltage 


v BE(on) 

_ 

1.0 

Vdc 

(l C = 50 mAdc, V CE = 10 Vdc) 







DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(l C = 50 mAdc, V CE = 25 Vdc, f = 10 MHz) 

IT 

15 

- 

MHz 

Output Capacitance 
(V C b = 20 Vdc, l E = 0, f = 100 kHz) 

c ob 

- 

15 

pF 

Small-Signal Current Gain 

(l C = 50 mAdc, V CE = 10 Vdc, f = 1.0 kHz) 

h fe 

25 

1 

- 


FIGURE 2 - DC CURRENT GAIN 
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1C, COLLECTOR CURRENT (mA) 


1C, COLLECTOR CURRENT (mA) 
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MJE350 



MOTOROLA 


PLASTIC MEDIUM POWER RNP 
SILICON TRANSISTOR 

. . . designed for use in line-operated applications such as low power, 
line-operated series pass and switching regulators requiring PNP 
capability. 

• High Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 300 Vdc @ lc = 1.0 mAdc 

• Excellent DC Current Gain - 

hpE = 30-240 @ lc = 50 mAdc 

• Plastic Thermopad Package 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current - Continuous 

•c 

500 

mAdc 

Total Power Dissipation @ Tq = 25°C 

PD 

20 

Watts 

Derate above 25°C 


0.16 

W/°C 

Operating and Storage Junction 
Temperature Range 

T jTstg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

6-25 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(l c = 1.0 mAdc, l B - 0) 

v CEO(sus) 

300 

- 

Vdc 

Collector Cutoff Current 
(V C b = 300 Vdc, l E ,= 0) 

'CBO 

- 

100 

luAdc 

Emitter Cutoff Current 
(Veb = 3.0 Vdc, l c = 0) 

•ebo 

— 

100 

/uAdc 


ON CHARACTERISTICS 


DC Current Gain 

h FE 

30 

240 

- 

(l c = 50 mAdc, V CE = 10 Vdc) 






0.5 AMPERE 

POWER TRANSISTOR 
PNP SILICON 


300 VOLTS 
20 WATTS 



-r-rrA 

TL j 

H J 


STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

TYP 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO- 126 



1-815 









Ic, COLLECTOR CURRENT (mA) 


5.0 7.0 10 20 30 50 70 100 200 300 

IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - ACTIVE-REGION SAFE OPERATING AREA 


FIGURE 4 - TEMPERATURE COEFFICIENTS 


"Applies for Ic/lfJ < f>FE/4 

mu — i i — r 


I | +100°C to +150°C 
+25°C to +100°C ~ I 


BONDING WIRE LIMITED X "X 

" THERMALLY LIMITED @Tc = 25°C Nr 

SECOND BREAKDOWN LIMITED 

..1 J I 1 J 1 LJJL J LSL J 

D 30 50 70 100 200 300 400 

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 



7.0 10 20 30 50 70 100 200 300 

IC, COLLECTOR CURRENT (mA) 


FIGURE 5 - POWER DERATING 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Ic - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 3 is based on Tj( p |<) - 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 
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MJE370 

(M) MOTOROLA 


PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTOR 

. . . designed for use in general-purpose amplifiers and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain - hp£ = 25 (Min) @ \q = 1.0 Adc 

• Complementary to NPN MJE520 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

'c 

3.0 

Adc 

— Peak 


7.0 


Base Current — Continuous 

•b 

2.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Pd 

25 

Watts 

Derate above 25°C 


0.2 

W/°C 

Operating and Storage Junction 

T J> T stg 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

5.0 

°C/W 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage! 1) 
(l c = lOOmAdc, l B = 0) 

< 

o 

m 

O 

c 

30 

- 

Vdc 

Collector-Base Cutoff Current 
(V CB = 30 Vdc, 1 E = 0) 

>CBO 

- 

100 

/uAdc 

Emitter-Base Cutoff Current 
(V EB = 4.0 Vdc, l c = 0) 

•ebo 

- 

100 

/iAdc 


ON CHARACTERISTICS 


DC Current Gain 

h F E 

25 

_ 

_ 

dC = 10 Adc, V CE = 1.0 Vdc) 





(1 ) Pulse Test: Pulse Width ^300 /us, Duty Cycle ^ 2.0%. 


3 AMPERE 

POWER TRANSISTOR 
PNP SILICON 

30 VOLTS 
25 WATTS 




STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

~G _ 1 

2.31 

2.46 

0.091 

0.097 

JL 

1.27 

2.41 

0.050 

0.095 

j| 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 


0.655 

M 

3 

3 TYP 

3° TYP 

"IT 1 

3.76 

1 4.01 ! 

0.148 

0.158 

m 

1.14 

■BTiB 



s 

0.64 

0.89 



u 

3.68 

3.94 

osa 


V 

mwm 

- 


■EH 


CASE 77-04 
TO-126 


1-817 









r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) h FE , DC CURRENT GAIN _ 1C- COLLECTOR CURRENT (AMP) 


MJE370 


FIGURE 1 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 based on Tj( pk ) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj) pk ) <150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 2 - DC CURRENT GAIN FIGURE 3 - "ON" VOLTAGE 





0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 30 50 100 200 300 500 1000 

t, TIME (ms) 
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MJE371 

(M) MOTOROLA 


PLASTIC MEDIUM-POWER PNP 
SILICON TRANSISTORS 


. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 20 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain — hpE = 40 (Min) @ Iq = 1.0 Adc 

• MJE371 is Complementary to NPN MJE521 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

Vdc 

Collector-Base Voltage 

V C B 

40 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current - Continuous 

>c 

4.0 

Adc 

— Peak 


8.0 


Base Current — Continuous 

•b 

2.0 

Adc 

Total Power Dissipation @ Tc = 25°C 

P D 

40 

Watts 

Derate above 25°C 


320 

mW/°C 

Operating and Storage Junction 

Tj« T s tg 

■ 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 

3.12 

°C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(l c = lOOmAdc, l B = 0) 

v CEO(sus) 

40 

- 

Vdc 

Collector-Base Cutoff Current 
(V CB = 40Vdc, l E = 0) 

>CBO 

— 

100 

/uAdc 

Emitter-Base Cutoff Current 
<V EB = 4.0 Vdc, l C = 0) 

<EBO 

— 

100 

/uAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

h FE 

40 

- 

- 

( l C - 1 .0 Adc, V C E = 1 0 Vdc) 






(1) Pulse Test: Pulse Width^ 300 jus Duty Cycle< 2.0%. 


4 AMPERE 

POWER TRANSISTORS 
PNP SILICON 


40 VOLTS 
40 WATTS 



STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


B 

nmum 

■mmi 


EH 

EM 

EM 

n 

m 

DEM 

ncn 

rmM 

n 

B3 

MhiM 


I'M'M 

MM 

W3SM 

DEM 

jjxsa 

OEM 

MM 


KIM 

ESDI 

ffliVM 

MM 

wfjrm 

■III 

Ena 

QIM 

MM 


■HI 

EMI 

Him 

■a 

mwm 

mi\u 


IDEM 

n 

■obk 

KEJ 

OIM 

EEM 

MM 

BH1B 

BFIM 


Oi£M 

MM 

HHE 

Jim 

■EJj 


MM 

m hm 

KETl 

Ed 

HIM 

MM 

■rxn 

1T1 

ECU 

EBM 

MM 

MJtm 

■nm 

riivpi 

ffma 

n 

fcii 


ona 


MM 

■EM 

■ai 

EEU 

■OB 


CASE 77-04 
TO-126 


1-819 








r(t), EFFECTIVE TRANSIENT 

THERMAL RESISTANCE (NORMALIZED) hpE, DC CURRENT GAIN, NORMALIZED >C. COLLECTOR CURRENT (AMP) 


MJE371 



2.0 4.0 6.0 8.0 10 20 40 60 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - Vq£ limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on T j(p|c) “ 150°C; Tq !• 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tjfpk) 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 2 — DC CURRENT GAIN 




0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 

1C. COLLECTOR CURRENT (AMP) 


FIGURE 4 - THERMAL RESPONSE 
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MJE520 



MOTOROLA 


PLASTIC MEDIUM-POWER NPN 
SILICON TRANSISTOR 


. . . designed for use in general-purpose amplifier and switching 
circuits. Recommended for use in 5 to 10 Watt audio amplifiers uti- 
lizing complementary symmetry circuitry. 

• DC Current Gain — hpE = 25 (Min) @ Iq = 1.0 Adc 

• Complementary to PNP MJE370 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

30 

Vdc 

Collector-Base Voltage 

V CB 

30 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current — Continuous 

•c 

3.0 

Adc 

— Peak 


7.0 


Base Current — Continuous 

>B 

2.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

P D 

25 1 

Watts 

Derate above 25°C 

0.2 | 

W/°C 

Operating and Storage Junction 

T J< T stg 

-65 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

5.0 

°C/W 


ELECTRICAL CHARACTERISTICS (Tq = 25 c C unless otherwise noted) 

Characteristic j Symbol I Min I Max 1 Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

<I C = 100 mAdc, l B = 0) 

v CEO(sus) 


- 

Vdc 

Collector-Base Cutoff Current 
(V C b = 30 Vdc, l' E = 0) 

'CBO 

|| 

m 


Emitter-Base Cutoff Current 
(V EB = 4.0 Vdc, l c = 0) 

•ebo 

~ 


■i 


ON CHARACTERISTICS 


DC Current Gain D) 

(l c = 1.0 Adc, V C E = 1.0 Vdc) 

h FE 


■ 

- 

(1) Pulse Test: Pulse Width ^ 300 ms, Duty Cycle < 2.0%. 


3 AMPERE 

POWER TRANSISTOR 
NPN SILICON 

30 VOLTS 
25 WATTS 



STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES ! 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

KiKfckfl 

B 

7.49 

7.75 


BE3I 

C 

2.41 

2.67 


0.105 

D 

0.51 

0.66 

0.020 

0.026 

mm 

2.92 

3.18 

0.115 


gP 

2.31 

2.46 

0.091 

iiMM 

PT 

1.27 

2.41 


KiE^Si 

PP 


0.64 

IiIiIH 

lifiVU 

K 

15.11 

16.64 


Iddddi 

na 

3 

TYP 

3° TYP 

Q 

3.76 


0.148 

OEM 

mm 

HM 



IiHiLU 

s 





U 

3.68 

3.94 

IllKkl 

0.155 

m 


1— 

ICESEI 



CASE 77-04 
TO- 126 


1-821 








r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) h FE , DC CURRENT GAIN ' C ' C0LLECT0R CURRENT (AMP) 


MJE520 


1.3 


FIGURE 1 ACTIVE-REGION SAFE OPERATING AREA 



The data of Figure 1 based on Tj^) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided (Tjp^) ^ 150°C. At 
high case temperatures, thermal limitations will reduce the power 
that can be handled to values less than the limitations imposed by 
second breakdown. 

There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq - limits of the transistor 

that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 


FIGURE 2 - DC CURRENT GAIN 
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MOTOROLA 


PNP 

MJE700, T thru MJE703, T 

NPN 

MJE800, T thru MJE803, T 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain — 

hpE = 2000 (Typ) @ Iq = 2.0 Adc 


4.0 AMPERE 

DARLINGTON 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40 WATT — TO-126 
50 WATT - TO-220AB 


• Monolithic Construction with Built-in Base-Emitter 

Resistors to Limit Leakage Muliplication 

• Choice of Packages — 

T0126, MJE700 and MJE800 series 
T0220AB, MJE700T and MJE800T series 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE700,T 
MJE701 ,T 
MJE800,T 
MJE801 ,T 

MJE702,T 

MJE703,T 

MJE802,T 

MJE803,T 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

< 

m 

00 

5.0 

Vdc 

Collector Current 

>C 

4.0 

Adc 

Base Current 

•b 

0.1 

Adc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

TO-126 

TO-220 

Watts 

W/°C 

40 

0.32 

50 

0.40 

Operating and Storage Junction 
Temperature Range 

Tj« T st g 

-55 to +150 

°C 

THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 
TO-126 

TO-220 

R 0JC 

3.13 

2.50 

°C/W 




OIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0 435 

B 

7.49 

7.75 

0 295 

0.305 

C 

2 41 

2.67 

0.095 

0105 

0 

051 

0.66 

0.020 

0 026 

F 

2.92 

3.18 

0.115 

0125 

r. 

2.31 

2.46 

0.091 

0 097 

H 

1.27 

241 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16 64 

0 595 

0 655 

M 

3 

3 TYP 

3° T 

YP 

Q 

3 76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

3.94 

0 145 

0.155 

V 

1.02 


0.040 

- 



MJE700-703 

MJE800-803 


STYLE 1 

PIN 1 EMITTER 
2. COLLECTOR 
3 BASE 


NOTES 

1. MT = MAIN TERMINAL 

2. LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) 0IA. 
TO DIM. "A"&"B" AT 
MAXIMUM MATERIAL 
CONDITION. 


CASE 77-04 




MILLIMETERS I INCHES I 

DIM 

MIN | MAX MIN 1 MAX 

A 

14.60 

1575 

0 575 

0 620 

B 

9.65 

10 29 

0 380 

0 405 

C 

4 06 

4 82 

0160 

0 190 

0 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0147 

G 

2 41 

2 67 

0 095 

0105 

H 

2 79 

3 93 

0110 

0155 

J 

0 36 

0 56 

0014 

0.022 

“in 

12 70 

14.27 

0.500 

0 562 

i 

1 14 

1.39 

0.045 

0 055 

N 

4 83 

5.33 

0190 

0210 

Q 

2 54 

3.04 

0.100 

0120 

R 

2 04 

2.79 

0.080 

0110 

S 

1 14 

1.39 

0.045 

0.055 

T 

5 97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

_v_ 

1.14 

- ! 

0.045 

- 

cb 

- : 

2.03 

- 

0.080 


MJE800T -803T 


STYLE 1 
PIN I BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


NOTES 

1 DIMENSION H APPLIES TO ALL LEADS 

2 DIMENSION L APPLIES TO LEADS I 
AND 3 


CASE 221A-02 


1-823 






r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


PIMP MJE700,T thru MJE703,T 
NPN MJE800,T thru MJE803,T 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 



Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1 ) j 




Vdc 

Oc ■ 50 mAdc, lg = 0) 

MJE700.T, MJE701 ,T, MJE800,T, MJE801 ,T 


60 

_ 



MJE702,T, MJE703.T, MJE802,T, MJE803,T 


80 

- 


Collector Cutoff Current 





MAdc 

(Vce = 60 Vdc, lg * 0) 

MJE700,T, MJE701 ,T, MJE800.T, MJE801 ,T 


_ 

100 


(Vce = 80 Vdc, lg = 0) 

MJE702,T, MJE703.T, MJE802,T, MJE803,T 


- 

100 


Collector Cutoff Current 


'CBO 




(V C g = Rated BV CEO , Ie 

= 0) 


_ 



(V C g - Rated BV CEO , l£ 

- 0, T C = 1 00°C) 


- 



Emitter Cutoff Current 


*EBO 

_ 

HHFK3HI 

mAdc 

(V BE =5.0 Vdc, l c = 0) 







ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l C = 1.5 Adc, V CE = 3.0 Vdc) 
(1C - 2.0 Adc, V CE = 3.0 Vdc) 
OC = 4.0 Adc, V C E = 3.0 Vdc) 

MJE700.T, MJE702,T, MJE800.T, MJE802,T 
MJE701 ,T, MJE703,T, MJE801 ,T, MJE803,T 
All devices 


H 

■ 

- 


Collector-Emitter Saturation Voltage (1) ! 



■ 

Vdc 

0c = 1 .5 Adc, lg = 30 mAdc) 

MJE700.T, MJE702,T, MJE800,T, MJE802,T 

jfl 

- 

' u 


Oc = 2.0 Adc, lg = 40 mAdc) 

MJE701 ,T, MJE703,T, MJE801 ,T, MJE803,T 


_ 



Oc = 4.0 Adc, lg = 40 mAdc) 

All Device 

■ ■ 

- 



Base-Emitter On Voltage (1) 



■ H 


Vdc 

(lc = 1.5 Adc, Vce = 3.0 Vdc) 

MJE700 ,T, MJE702,T, MJE800,T, MJE802,T 



■ 


Oc = 2.0 Adc, Vce = 3.0 Vdc) 

MJE701 ,T, MJE703.T, MJE801 ,T, MJE803,T 

■ 

9 

■ 


(l c = 4.0 Adc, Vce = 3.0 Vdc) 

All Devices 

Hi 

■ 

3.0 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 


1.0 

_ 

- 

OC = 1 -5 Adc, V C E = 3.0 Vdc, f = 1 .0 MHz) 






(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



For NPN test circuit, reverse diode, 


polarities and input pulses. 


FIGURE 3 - SWITCHING TIMES 



1C, COLLECTOR CURRENT (AMP) 


FIGURE 4 - THERMAL RESPONSE (MJE700T, 800T series) 



t, TIME (ms) 


1 -824 

























PNP MJE700.T thru MJE703.T 
NPN MJE800.T thru MJE803,T 



0 01 0 02 0 03 0 05 0 1 0 2 0 3 0 5 1 0 2 0 3 0 50 10 20 30 50 100 200 300 500 1000 


t, TIME (ms) 


ACTIVE-REGION SAFE-OPERATING AREA 


FIGURE 6 - MJE700 series 



There are two limitations on the power handling ability of 
a transistor: average junction temperature and second break- 
down. Safe operating area curves indicate Iq - limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 


FIGURE 8 - MJE700T series 




'5.0 7.0 10 20 30 50 70 100 

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The data of Figures 6 and 7 are based on Tj(p|<) = 150°C; 
Tc is variable depending on conditions. Second breakdown pulse 
limits are valid for duty cycles to 10% provided Tj( p (<) < 150°C. 
Tj(pk) may be calculated from the data in Figure 4 or 5. At high 
case temperatures, thermal limitations will reduce the power that 
can be handled to values less than the limitations imposed by 
second breakdown. 


FIGURE 9 - MJE800T series 
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VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


PNP MJE700,T thru MJE703.T 
NPN MJE800,T thru MJE803.T 







MOTOROLA 


MJE1290 MJE1291 pnp 
MJE1660 MJE1661 NPN 


COMPLEMENTARY SILICON 
MEDIUM-POWER TRANSISTORS 

. . . designed for use in power amplifier and switching applications. 

• High Collector Current — 

1C = 1 5 Adc 

• High DC Current Gain — 

hpE = 10 (Min) @ l c = 15 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE1290 

MJE1660 

MJE1291 

MJE1661 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current-Continuous 

•c 

15 

Adc 

Base Current 

*B 

5.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

P D 

90 

Watts 

Derate above 25°C 


0.72 

w/°c 

Operating and Storage Junction 

Temperature Range 

Tj/ T $t g 

-65 to +150 

°c 


THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 jc 

1.39 

°C/W 



15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60 VOLTS 
90 WATTS 



*- B-*- 

u r, 






T-F 

$_ 




i 


-7 

Ni 


n 


STYLE 2: 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 


DIM 

MILLIMETERS 

INCHES j 

MIN 

MAX 

MIN 

MAX 

A 

16.13 

16.38 

0.635 

0.645 

B 

12.57 

12.83 

0.495 

0.505 

C 

3.18 

3.43 

0.125 

0.135 

D 

1.09 

1.24 

0.043 

0.049 

F 

3.51 

3.76 

0.138 

0.148 

G 

4.2 

BSC 

0.16 

BSC 

H 

2.67 

2.92 

0.105 

0.115 

J 

0.813 

0.864 

0.032 

0.034 

K 

15.11 

16.38 

0.595 

0.645 

M 

9° TYP 

9°' 

TYP 

Q 

4.70 

4.95 

0.185 i 

0.195 

R 

1.91 

2.16 

0.075 

0.085 

U 

6.22 

6.48 

0.245 

0.255 

V 

2.03 

- 

0.080 

- 


CASE 90-05 
TO- 127 

When mounting the device, torque not 
to exceed 8.0 in. -lb. 

If lead bending is required, use suitable 
clamps or other supports between tran- 
sistor case and point of bend. 
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Ic, COLLECTOR CURRENT (AMP) 


MJE1290, MJE1291 PNP/MJE1660, MJE1661 NPN 


ELECTRICAL CHARACTERISTICS (T C = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage HI 


v CEO(sus) 



Vdc 

(l C = 200 mAdc, l B = 0) 

MJE1290, MJE1660 


40 

- 



MJE1291, MJE1661 


60 

- 


Collector Cutoff Current 


•CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) 



- 

1.0 


Collector Cutoff Current 


Ices 



mAdc 

(V CE = 40 Vdc, V BE = 0) 

MJE1290, MJE1660 


- 

0.7 


(Vce = 60 Vdc, V BE = 0) 

MJE1291, MJE1661 


- 

0.7 


Collector Cutoff Current 


'cbo 



mAdc 

(V CB = 40 Vdc, l E = 0) , 

MJE1290, MJE1660 


- 

0.7 


( V CB = 60 Vdc, l E = 0) 

MJE1291, MJE1661 


- 

0.7 

j 


Emitter Cutoff Current 


•ebo 



mAdc 

( V BE = 5.0 Vdc, l E - 0) 



- 

1.0 



ON CHARACTERISTICS 


DC Current Gain 

(l c = 5.0 Adc, V CE = 4.0 Vdc) 

(IC = 15 Adc, V CE = 4.0 Vdc) 

h FE 

20 

10 

100 

- 

Collector-Emitter Saturation Voltage U) 

(l C = 15 Adc, l B = 1.5 Adc) 

v CE(sat) 

- 

1.8 

Vdc 

Base-Emitter on Voltage (1) 

(l C = 15 Adc, V CE = 4.0 Vdc) 

v BE(on) 

- 

2.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product 

(IC= 1.0 Adc, V CE = 10 Vdc, f = 1.0 MHz) 

fT 

3.0 

_ 

MHz 

Small-Signal Current Gain 

(l c = 1.0 Adc, V CE - 10 Vdc, f = 1.0 kHz) 

h fe - 

25 

- 

— 


(1) Pulse Test: Pulse Width < 300 jus. Duty Cycle< 2.0%. 


FIGURE 2 - DC SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 


Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc~ VCE limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MJE2360T 

(M) motorola MJE2361T 


NPN SILICON HIGH-VOLTAGE TRANSISTOR 

. . . useful for general-purpose, high voltage applications requiring 
high fj. 

• Collector-Emitter Sustaining Voltage — 

VqeO(sus) = 350 Vdc (Min) @ Iq = 2.5 mAdc 

• DC Current Gain — 

hFE = 40 (Min) @ Iq = 100 mAdc - MJE2361T 

• Current-Gain— Bandwidth Product — 

fj = 10 MHz (Typ) @ l C = 50 mAdc 


0.5 AMPERE 
POWER TRANSISTORS 
NPN SILICON 

350 VOLTS 
30 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

350 

Vdc 

Col lector- Base Voltage 

V CB 

375 

Vdc 

Emitter-Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

•c 

0.5 

Adc 

Base Current 

•b 

0.25 

Adc 

Total Power Dissipation @ T^; = 25°C 

Pd 

30 

Watts 

Derate above 25°C 

0.24 

W/°C 

Operating and Storage Junction 

TjTstg 

-65 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

4.167 

°C/W 
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MJE2360T MJE2361T 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

] Characteristic | Symbol | Min | Typ [ Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage! 1 ) 

(l C = 2.5 mAdc, 1 B = 0) 

v CEO(sus) 

350 

~ 

- 

Vdc 

Collector Cutoff Current 
(V C E = 250 Vdc, l B = 0) 

'CEO 

- 

~ 

0.25 

mAdc 

Collector Cutoff Current 
(Vce = 375 Vdc, V[=g( 0 ff) = 1.5 Vdc) 

'CEX 



~ 


0.5 

mAdc 

Collector Cutoff Current 
( V CB = 375 Vdc, l E - 0) 

'CBO 

~ 

..... . _ . ... . | 

0.1 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 

'EBO 

~ 



0.1 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gam 

Oc = 50 mAdc, Vce = 10 Vdc) 

(1C = 100 mAdc, V CE = 10 Vdc) 

MJE2360T 

MJE2361T 

MJE2360T 

MJE2361T 

h FE 

25 

50 

15 

40 


200 

250 


Collector-Emitter Saturation Voltage 
(Iq = 100 mAdc, 1 B = 10 mAdc) 


v CE(sat) 



1.5 

Vdc 

Base-Emitter On Voltage 
(1C = 100 mAdc, V CE = 10 Vdc) 


v BE(on) 


' 

1.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain- Bandwidth Product 

OC = 50 mAdc, V C e = 10 Vdc, f = 1 0 MHz) 

fT 


10 


MHz 

Output Capacitance 

( V CB = 100 Vdc, l E = 0, f = 100 kHz) 

^ob 

- 

20 


pF 


( DPulse Test Pulse Width < 300 ns, Duty Cycle < 2.0% 


FIGURE 2 - DC SAFE OPERATING AREA 
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1.0 2.0 5.0 10 20 50 100 200 500 1000 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate lc — V ce below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 


1 -830 










MOTOROLA 


NPN 

MJE2801, MJE2801T 

PNP 

MJE2901, MJE2901T 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

... for use as an output device in complementary audio amplifiers 
up to 35-Watts music power per channel. 

• High DC Current Gain - hpE = 25-100 @ lc = 3.0 A 

• Choice of Packages - MJE2801, 2901 - TO-225AB (TO-127) 

MJE2801T, 2901T - TO-220AB 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current 

>c 

10 

Adc 

Base Current 

'B 

5.0 

Adc 

Total Power Dissipation @ T^ = 25°C 

p Dt 


Watts 

MJE2801 , 2901 


90 


MJE2801T, 2901 T 

Derate above 25°C 


75 


MJE2801, 2901 


0.72 

W/°C 

MJE2801T, 2901 T 


0.6 


Operating and Storage Junction 

T J- T stg 

-55 to + 1 50 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 
MJE2801 , 2901 

MJE2801T, 290 IT 

0JC 

1.39 

1.67 

°C/W 


tSafe Area Curves are indicated by F igure 1 Both limits are applicable and must be observed . 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic { Symbol | Min j Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
<I C = 200 mAdc, l B = 0) 

bv C eo 

60 

_ 

Vdc 

Collector-Cutoff Current 

•cbo 



mAdc 

(V C b = 60 Vdc, l E = 0) 


- 

0.1 


(V CB = 60 Vdc, l E = 0, Tq = 150°C) 


- 

2.0 


Emitter Cutoff Current 

•ebo 



mAdc 

(V BE = 4.0 Vdc, l c = 0) 


- 

1.0 



ON CHARACTERISTICS 


DC Current Gam 

(l c = 3.0 Adc, V CE = 2.0 Vdc) 

h FE 

25 

100 


Base-Emitter Voltage 

(l C = 3.0 Adc, V CE = 2.0 Vdc) 

V B E 

- 

1.4 

Vdc 


(1) Pulse Test: Pulse Width <300 ms, Outy Cycle <2.0%. 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60 VOLTS 
75, 90 WATTS 



u h 

YL 

ph 

tz 1 

— io 


Iff 


v t H 




K, 


*-11—- j 


STYLE 2 

PIN 1 EMITTER , 

2 COLLECTOR 

3 8ASE (n « - 


11 


n 


DIM I MIN ] MAX ] MIN ] MAX 


6 22 


203 


6 48 


MJE2801 CASE 90-05 

MJE2901 TO-225AB 

(TO-127) 



STYLE 1 
PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


NOTES 

1 DIMENSION H APPLIES TO ALL LEADS 

2 DIMENSION L APPLIES TD LEADS 1 
AND 3 

3 DIMENSION Z DEFINES A ZONE WHERE 
ALL BODY AND LEAD IRREGULARITIES 
ARE ALLOWED 

4 DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5M. 1982 

5 CONTROLLING DIMENSION INCH 


CASE 221A 02 
TO-220AB 
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V, VOLTAGE (VOLTS) hFE. DC CURRENT GAIN IQ. COLLECTOR CURRENT (AMP) 


MJE2801/MJE2801T NPN, MJE2901/MJE2901T PIMP 


FIGURE 1 - ACTIVE REGION 
SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown 
Safe operating area curves indicate Iq - Vqe limits of the transistor 
that must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tj( p |<) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p |<) ^ 150°C. At high case 
temperatures, thermal limitations will reduce the power that can be 
handled to values less than the limitations imposed by second 
breakdown. 



0.01 0.02 0.05 0.1 0.2 0 5 1.0 2.0 5.0 10 

1C. COLLECTOR CURRENT (AMPS) 



FIGURE 4 - “ON" VOLTAGES 



0.2 0.3 0.5 1.0 2.0 3 0 5.0 

1C, COLLECTOR CURRENT (AMP) 



0203 05 10 20 

IQ. COLLECTOR CURRENT (AMP) 
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MOTOROLA 


MJE2955, MJE2955T pnp 
MJE3055, MJE3055T NPN 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general-purpose amplifier and switching 
applications. 

• DC Current Gain Specified to 10 Amperes 

• High Current Gain — Bandwidth Product — 

fj = 2.0 MHz (Min) @ Iq = 500 mAdc 

• Choice of Packages - MJE3055, MJE2955 - TO-225AB (TO-1 27) 

MJE3055T, MJE2955T - TO-220AB 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

Vdc 

Collector-Base Voltage 

V CB 

70 

Vdc 

Emitter-Base Voltage 

< 

m 

03 

5.0 

Vdc 

Collector Current 

•c 

10 

Adc 

Base Current 

'b 

6.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

PDt 


Watts 

MJE3055, MJE2955 


90 

W/°C 

MJE3055T, MJE2955T 


75 


Derate above 25°C 




MJE3055, MJE2955 


0.72 

W/°C 

MJE3055T, MJE2955T 


0.6 


Operating and Storage Junction 

T J- T stg 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0JC 


°C/W 

MJE3055, MJE2955 


1.39 


MJE3055T, MJE2955T 


1.67 


tSafe Area Curves are indicated by F igure 

Both limits are applicable and 

must be observed 


FIGURE 1 - ACTIVE REGION SAFE OPERATING AREA 



(See AN 4 1 5 A) 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60 VOLTS 
75, 90 WATTS 




2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 

NOTES 

1 DIMENSION H APPLIES TO ALL LEADS 

2 DIMENSION L APPLIES TO LEADS I 
AND 3 

3 DIMENSION 2 OEFINES A ZONE WHERE 
AU 80DY AND LEAD IRREGULARITIES 
ARE ALLOWED 

4 DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5M 1982 

5 CONTROLLING DIMENSION INCH 


MJE2955T 

MJE3055T 


CASE 221A 02 
TO220AB 
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MJE2955, MJE2955T, PIMP, MJE3055, MJE3055T 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | Symbol 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

(IC = 200 mAdc, l B = 0) 

v CEO<sus) 

Collector Cutoff Current 

<V CE = 30 Vdc, l B = 0) 

'CEO 

Collector Cutoff Current 

(V C E - 70 Vdc, V EB(o ff) = 1.5 Vdc) 

(V CE = 70 Vdc, V E8|off ) = 1.5 Vdc, T C = 150°C) 

'CEX 

Collector Cutoff Current 

(Vce = 70 Vdc, l E = 0) 

(V CB = 70 Vdc, l E = 0, T c = 150°C) 

'CBO 

Emitter Cutoff Current 

(V B E^ 5 0 Vdc, l C = 0) 

'EBO 

ON CHARACTERISTICS 

DC Current Gain ( 1 ) 

( 1 q = 4.0 Adc, V 0 E = 4.0 Vdc) 
do = 10 Adc, V CE = 4.0 Vdc) 

h FE 

Collector-Emitter Saturation Voltage <1) 

(lC = 4.0 Adc, l B = 0.4 Adc) 
dC = 10 Adc, l B = 3.3 Adc) 

v CE(sat> 

Base-Emitter On Voltage (1) 

(l C = 4.0 Adc, V CE = 4.0 Vdc) 

v BE{on) 

DYNAMIC CHARACTERISTICS 

Current-Gain-Bandwidth Product 

d C = 500 mAdc, V CE = 10 Vdc, f - 500 kHz) 

*T 

^ 1 1 Pulse Test. Pulse Width ^ 300 jus, Duty Cycle ^ 2.0%. 

FIGURE 2 - DC CURRENT GAIN 
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FIGURE 3 - POWER DERATING 
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MOTOROLA 


M1E3300 MJE3301 MJE3302 npn 
MJE3310 MJE3311 MJE3312 ™p 


PLASTIC DARLINGTON COMPLEMENTARY 
SILICON ANNULAR POWER TRANSISTORS 

. . . designed for general-purpose amplifier and high-speed switching 
applications. 

• High DC Current Gain — 

hpE = 2000 (Typ) @ l C = 1 -0 Adc 

• Collector-Emitter Sustaining Voltage — @ 10 mAdc 

VcEO(sus) = 40 Vdc (Min) - MJE3310/MJE3300 
= 60 Vdc (Min) - MJE331 1/MJE3301 
= 80 Vdc (Min) - MJE3312/MJE3302 

• Reverse Voltage Protection Diode 

• Pinout Compatible with TO-220 Package 

• Monolithic Construction with Built-In Base-Emitter Output 

Resistor 

• Thermopad II Construction With Hard Solder for High 

Reliability 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


? Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ = 25°C 

Derate above 25°C 


Total Power Dissipation @ = 25 <J C 

Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 


v CEO 


V CB 


V EB 


PD 


PD 


T J« T stg 


MJE3310 

MJE3300 


MJE3311 

MJE3301 


MJE3312 

MJE3302 


-4.0- 
- 6 . 0 - 


- 15 - 
0 . 12 - 


— 1.5 — 
- 0 . 012 - 


Watts 

W/°C 


Watts 

W/°C 


Characteristic 

Symbol 

Max. 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

8.33 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

83.3 

°c/w 



DARLINGTON 

4-AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40, 60, 80 VOLTS 
15 WATTS 





m 




U IJ U 

3 


IP- 


lU-D 


STYLE 3: 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0.425 

0.435 

B 

7.49 

7.75 

0.295 

0.305 

C 

2.41 

2.67 

0.095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0.125 

G 

2.31 

2.46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0.38 

0.64 

0.015 

0.025 

K 

15.11 

16.64 

0.595 

0.655 

M 

3 

a typ 

3° TYP 

Q 

3.76 

4.01 

0.148 

0.158 

R 

1.14 

1.40 

0.045 

0.055 

S 

0.64 

0.89 

0.025 

0.035 

U 

3.68 

,3.94 

0.145 

0.155 

V 

1.02 

- 

0.040 

- 


CASE 77-04 
TO- 126 
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MJE3300, MJE3301 , MJE3302 NPN 
MJE3310, MJE3311, MJE3312 PIMP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (D 
(Iq =10 mAdc, l B = 0) 

MJE3310,MJE3300 

MJE331 1 ,MJE3301 

MJE331 2,MJE3302 

v CEO(sus) 

Collector-Cutoff Current 



(V CE = 20 Vdc, l B = 0) 

MJE3310,MJE3300 


(Vce = 30 Vdc, l B = 0) 

MJE331 1 ,MJE3301 


(V CE = 40 Vdc, l B » 0) 

MJE331 2.MJE3302 



Collector Cutoff Current 

(V CB = Rated VqeOIsus)' >E = 0) 

(V CB = Rated VcEO(sus)- >E = 0- T c = 100°C) 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, l C = 0) 


ON CHARACTERISTICS 

DC Current Gain 

(l c = 1.0 Adc, V CE = 2.0 Vdc) 
(l c = 1.5 Adc, V CE = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 
(l c = 1.5 Adc, l B = 6.0 mAdc) 


Base-Emitter Saturation Voltage 








Base-Emitter On Voltage 

(l c = 1.5 Adc, V CE = 2.0 Vdc) 


- 

2.5 


Output Diode Voltage Drop 
(l EC = 2.0 Adc) 

< 

m 

o 

- 

2.0 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(l c = 1.0 Adc, V CE = 2.0 Vdc) 

*T 

20 

_ 

l\ 

^ ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 





FIGURE 2 - ACTIVE-REGION SAFE OPERATING AREA 

FIGURE 3 - TYPICAL DC CURRENT GAIN 




BONDING WIRE LIMITED 
THERMALLY LIMITED @Tc = 25°C 
(SINGLE PULSE) 

SECOND BREAKDOWN LIMITED 
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FIGURE 4 - DARLINGTON CIRCUIT SCHEMATIC 
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(M) MOTOROLA 


MJE3439 

MJE3440 


NPN SILICON HIGH-VOLTAGE POWER TRANSISTORS 

. . . designed for use in line-operated equipment requiring high fj 


• High DC Current Gain — 

hpE = 40-160 @ lc = 20 mAdc 

• Current-Gain— Bandwidth Product — 

fj = 15 MHz (Min) @ lc = 10 mAdc 

• Low Output Capacitance — 

C 0 b = 10 pF (Max) @ f = 1.0 MHz 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE3439 

MJE3440 

Unit 

Collector-Emitter Voltage 

v CEO 

350 

250 

Vdc 

Collector-Base Voltage 

V CB 

450 

350 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

! C 

0.3 

Adc 

Base Current 

! b 

— 150 

mAdc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

15 

0.12 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J< T stg 

— 65 to +1 50 — 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

0 JC 

8.33 

°C/W 



0.3 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-350 VOLTS 
15 WATTS 




STYLE 1 

PIN 1. EMITTER 

2. COLLECTOR 

3. BASE 







EM 

imm 



mra 

itMidh 


a 

ma 


■nm-a 

tiWiUi 

■a 

IB 

wm 

IilfrU 

iilliM 

MU 1 

Httilh 

Bif.H 

■inmt 


H 



■mwt 

■nyLW 









■iliwih 


n 

U1 








■H.TVi 

■M 



ksd 


■a 



■nfcu 

BiWLM 



Bltiil 

■nr, in 

InliLfa 1 

n 

mum 


hilo&i 


o 

lildil 

mUm 


ifriitia 

In 


OEM 


mam 


CASE 77-04 
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MJE3439, MJE3440 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 
(IQ = 5.0 mAdc, l B = 0) 

MJE3439 

v CEO(sus) 

350 

_ 

Vdc 

(l c = 50 mAdc, l B = 0) 

MJE3440 


250 

- 


Collector Cutoff Current 
(V CE = 300 Vdc, l B = 0) 

MJE3439 

'CEO 

_ 

20 

juAdc 

(V CE = 200 Vdc, I b = 0) 

MJE3440 


- 

50 


Collector Cutoff Current 

(Vce = 450 Vdc, V EB ( 0 ff) = 1.5 Vdc) 

MJE3439 

'CEX 

_ 

500 

/xAdc 

(V C e = 300 Vdc, V E B (off) = 1.5 Vdc) 

MJE3440 


- 

500 


Collector Cutoff Current 
(V CB = 350 Vdc, l E = 0) 

MJE3439 

'CBO 

_ 

20 

/uAdc 

(V CB = 250 Vdc, l E - 0) 

MJE3440 


- 

20 


Emitter Cutoff Current 
(V BE = 5.0 Vdc, l c = 0) 

'EBO 


20 

fiAdc 


ON CHARACTERISTICS 


DC Current Gain 
(1C = 2.0 mAdc, Vqe = 10 Vdc) 

<l c = 20 mAdc, V CE = 10 Vdc) 

h FE 

30 

50 

200 


Collector-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 4.0 mAdc) 

Vce (sat) 

- 

0.5 

Vdc 

Base-Emitter Saturation Voltage 
(Iq = 50 mAdc, l B = 4.0 mAdc) 

v BE(sat) 

~ 

1.3 

Vdc 

Base-Emitter On Voltage 

(l c = 50 mAdc, V CE - 10 Vdc) 

v BE(on) 

- 

0.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 10 mAdc, V CE = 10 Vdc, f = 5.0 MHz) 

fT 

15 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, l E = 0, f = 1.0 MHz) 

Cob 

— 

10 

pF 

Small-Signal Current Gain 

(l c = 5.0 mAdc, V CE = 10 Vdc, f - 1.0 kHz) 

hfe 

25 

~ 

' 


FIGURE 2 - ACTIVE REGION SAFE OPERATING AREA 



1.0 2.0 3.0 5.0 7.0 10 20 30 50 70 100 200 300 500 1000 


Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Iq-V C £ limits below 
which the device will not enter secondary breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MOTOROLA 


NPN PNP 
MJE4340 MJE4350 

MJE4341 MJE4351 

MJE4342 MJE4352 

MJE4343 MJE4353 


HIGH-VOLTAGE - HIGH POWER TRANSISTORS 

. . . designed for use in high power audio amplifier applications and 
high voltage switching regulator circuits. 

• High Collector-Emitter Sustaining Voltage — 

NPN PNP 

VcEO(sus) = 1 00 Vdc — MJE4340 MJE4350 
= 1 20 Vdc — MJE4341 MJE4351 

- 1 40 Vdc — MJE4342 MJE4352 

= 1 60 Vdc — MJE4343 MJE4353 

• High DC Current Gain — @ <c - 8.0 Adc 

hpE = 35 (Typ) 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = 2.0 Vdc (Max) @ l c = 8.0 Adc 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE4340 

MJE4350 

MJE4341 

MJE4351 

MJE4342 

MJE4352 

MJE4343 

MJE4353 

Unit 

Collector-Emitter Voltage 

v CEO 

100 

120 

140 

160 

Vdc 

Collector-Base Voltage 

V CB 

100 

120 

140 

160 

Vdc 

Emitter-Base Voltage 

V EB 

7 n 

Vdc 

^ s 0 ^ 

Collector Current — Continuous 
Peak (1 ) 

■c 

— 16 ► 

— 20 ► 

Adc 

Base Current — Contmous 

>B 

5 0 ► 

Adc 

Total Device Dissipation 
@ T c = 25°C 

PD 

125 ► 

Watts 

Operating and Storage Junction 
Temperature Range 

T J T stg 

-65 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 0 

°C/W 


(1 ) Pulse Test Pulse Width s£ 5 0 ^s, Duty Cycle ^10% 



16 AMPERE 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

100-160 VOLTS 




STYLE 1 

1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

0 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

4.04 

4.22 

0.159 

0.166 


CASE 340-01 
TO-218AC 
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MJE4340 thru MJE4343NPN, MJE4350 thru MJE4353PNP 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise 
j Characteristic ~j~ 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) 

(l c = 200 mAdc, l B = 0) MJE4340, MJE4350 

MJE4341, MJE4351 
MJE4342, MJE4352 
MJE4343, MJE4353 

Collector-Emitter Cutoff Current 
(V C E = 50 Vdc, l B = 0) MJE4340, MJE4350 

(V CE = 60 Vdc, l B = 0) MJE4341, MJE4351 

(V C E = 70 Vdc, l B = 0) MJE4342, MJE4352 

(V CE = 80 Vdc, l B = 0) MJE4343, MJE4353 

Collector-Emitter Cutoff Current 
(Vce = Rated Vq B , V EB ( 0 ff) = 1 .5 Vdc) 

(V C E = Rated V CB > VEB(off) = 1 5 Vdc, T C = 1 50°C) 

Collector-Base Cutoff Current 
(Vce = Rated Vcb« 'e = 0) 

Emitter-Base Cutoff Current 
(V B e = 7.0 Vdc, l C = 0) 

ON CHARACTERISTICS (1 ) 

DC Current Gain 
(l C = 8.0 Adc, V C E = 2.0 Vdc) 

(l c = 16 Adc, V C E = 4.0 Vd c) 

Collector-Emitter Saturation Voltage 
(l C = 8.0 Adc, l B = 800 mA) 

(l C = 1 6 Adc, l B = 2.0 Adc) 

Base-Emitter Saturation Voltage 
(l c = 1 6 Adc, l B = 2.0 Adc) 

Base-Emitter On Voltage 

(l c = 1 6 Adc, V C E = 4.0 Vdc) 

DYNAMIC CHARACTERISTICS 


noted) 

Symbol 

VcEO(sus) 




hFE 

15 

35 (Typ) 


8.0 

1 5 (Typ) 

v CE(sat) 


2.0 

i 

- 

3.5 

v BE(sat) 

■ — 

3.9 

v BE(on) 

- 

3.9 


■ 


Current-Gain— Bandwidth Product (2) 

(l C = 1 0 Adc, V C E = 20 Vdc, f tes t = 0.5 MHz) 

*T 

1.0 

— 

IV 


Output Capacitance 
(Vcb = 10 Vdc, l E = 0, f = 0.1 MHz) 

0ob 


800 


i 


(1 ) Pulse Test: Pulse Width ^ 300 n s. Duty Cycle 3*2.0%. 
<2)f T = |h fe | • f t est 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 


FIGURE 3 - TYPICAL TURN-ON TIME 


t r , tf^lOns _L i _L 

Duty Cycle = 1 .0% ~ -4V 

R b and Rc varied to obtain desired current levels 

D-| must be fast recovery type, eg. 
MBD5300 used above lg *» 100 mA 
MSD61 00 used below Ig « 100 mA 

Note: Reverse polarities to test PNP devices. 


— td @ VBE(off) = 5.0 V - 


0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 

1C, COLLECTOR CURRENT (AMP) 






hp£, DC CURRENT GAIN 


MJE4340 thru MJE4343NPIM, MJE4350 thru MJE4353PNP 


TYPICAL CHARACTERISTICS 


FIGURE 4 - TURN-OFF TIME 


FIGURE 5 - ON VOLTAGES 








MJE4340 thru MJE4343NPN, MJE4350 thru MJE4353PISIP 


FIGURE 9 - THERMAL RESPONSE 



FIGURE 10 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate !c~ v CE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tq = 25°C; Tj( p k) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 0 may be found 
*at any case temperature by using the appropriate curve 
on Figure 9. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, -etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 1 1 
gives RBSOA characteristics. 


FIGURE 11 - MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 
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MOTOROLA 


NPN PNP 

MJE5180 MJE5170 
M1E5181 MJE5171 
MJE5182 MJE5172 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTOR 

. . . designed for use in general purpose amplifier and switching 
applications. 

• Collector-Emitter Saturation Voltage — 

VcEO(sat) = 1-5 Vdc (Max) @ \q = 6.0 Adc 

• Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 120 Vdc (Min) — MJE5170, MJE5180 

= 140 Vdc (Min) — MJE5171, MJE5181 
= 160 Vdc (Min) — MJE5172, MJE5182 

• Compact TO-220 AB Package 

• TO-66 Leadform Also Availability 


6.0 AMPERE 
POWER TRANSISTORS 
COMPLEMENTARY SILICON 

120, 140, 160 VOLTS 
65 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Base Current 


Total Power Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Total Power Dissipation 
@ T A = 25°C 
Derate above 25°C 


Unclamped Inductive 
Load Energy (1) 


Operating and Storage Junction 
Temperature Range 


Symbol 


VCEO 


VCB 


V EB 


PD 


PD 


T J' T stg 


MJE5180 

MJE5170 


120 


MJE5181 

MJE5171 


140 


MJE5182 

MJE5172 


160 


6 

10 


2.0 


- 65 - 

- 0.52 ' 


- 2.0 - 

-0.016- 


-62.5 ■ 


- - 65 to + 150- 


Unit 


Vdc 


Adc 


Adc 


Watts 

W/°C 


Watts 

W/°C 


mJ 


°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rfljc 

1.92 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°c/w 


( 1 ) Ip = 2.8 A, L = 50 mH, P.R.F. = 10 H 2 , V C C = 10 V, Rbe = 100 a 




NOTES 

1 DIMENSION H APPLIES TO ALL LEADS 

2 DIMENSION L APPLIES TO LEADS 1 
AND 3 

3 DIMENSION Z DEFINES A ZONE WHERE 
ALL BODY AND LEAD IRREGULARITIES 
ARE ALLOWED 

4 DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5M, 1982 

5 CONTROLLING DIMENSION INCH 


DIM 


MILLIMETERS 


MIN 


MAX 


INCHES 


MIN 


MAX 


CASE 221A-02 
(TO-220 AB) 
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t, TIME (ns) 


MJE170, MJE171, MJE172, MJE5180, MJE5181, MJE5182 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol j Min | Max [ Uni7 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(l C = 30 mAdc, l B = 0) 

MJE5170, MJE5180 
MJE5171, MJE5181 
MJE5172, MJE5182 

v CEO(sus) 

120 

140 

160 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V C E = 60 Vdc, l B = 0) 

MJE5170, MJE5180 


— 

0.7 


(V C E = 70 Vdc. I B = 0) 

MJE5171, MJE5181 


— 

0.7 


(V C E = 80 Vdc, l B = 0) 

MJE5172, MJE5182 


— 

0.7 


Collector Cutoff Current 


•CES 



juAdc 

(V C E = 120 Vdc, V EB = 0) 

MJE5170, MJE5180 


— 

400 


(V C E = 140 Vdc, V EB = 0) 

MJE5171, MJE5181 


— 

400 


(V CE = 160 Vdc, V EB = 0) 

MJE5172, MJE5182 


— 

400 


Emitter Cutoff Current 


>EBO 

— 

1.0 

mAdc 

(V BE = 5.0 Vdc, lc = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
(>C = 0.3 Adc, V C E = 4.0 Vdc) 

(l C = 3.0 Adc, V C E = 4.0 Vdc) 

hFE 

30 

15 

100 

— 

Collector-Emitter Saturation Voltage 
(l C = 6.0 Adc, l B = 600 mAdc) 

VCE(sat) 

— 

1.5 

Vdc 

Base-Emitter On Voltage 
(1C = 6.0 Adc, Vce = 4.0 Vdc) 

v BE(on) 

— 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

OC = 500 mAdc, Vqe = 10 Vdc, f tes t = 1-0 MHz) 

fT 

1.0 

— 

MHz 

Small-Signal Current Gain 
(l C = 0.5 Adc, V C E = 10 Vdc, f = 1.0 kHz) 

Ihfel 

20 

— 

— 


(1) Pulse Test: Pulse Width 300 ns, Duty Cycle 2.0%. 

(2) fT = Ihfel • ftest FIGURE 3 — TURN-ON SWITCHING TIMES 


•FIGURE 2 — SWITCHING TIME TEST CIRCUIT V CC 

+ 30 V 



R B and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 


Di MUST BE FAST RECOVERY TYPE, eg: 
MBD5300 USED ABOVE l B - 100 mA 
MSD6100 USED BELOW lg * 100 mA 
*F0R PNP'S REVERSE ALL POLARITIES 
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FIGURE 5 — CAPACITANCE 
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V BE , BASE-EMITTER VOLTAGE (VOLTS) VcE(sat). COLLECTOR-EMITTER VOLTAGE (VOLTS) V CE- COLLECTOR-EMITTER VOLTAGE (VOLTS) 


MJE170, MJE171 , MJE172, MJE5180, MJE5181, MJE5182 


TYPICAL ELECTRICAL CHARACTERISTICS 


NPN — MJE5180, MJE5181, MJE5182 

FIGURE 10 — COLLECTOR SATURATION REGION 


PNP — MJE5170, MJE5171, MJE5172 

FIGURE 11 — COLLECTOR SATURATION REGION 



10 20 50 100 200 500 1000 

l B , BASE CURRENT (mA) 
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l B , BASE CURRENT (mA) 
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l C , COLLECTOR CURRENT (AMPS) 


^ FIGURE 13 — COLLECTOR-EMITTER SATURATION REGION 



FIGURE 14 — BASE-EMITTER VOLTAGE 
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MJE170, MJE171 , MJE172, MJE5180, MJE5181, MJE5182 


FIGURE 6 — THERMAL RESPONSE 



FIGURE 7 — ACTIVE-REGION SAFE OPERATING AREA 


There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
Iq-Vce limits of the transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 7 is based on Tj(p|<) = 150°C; Tq 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) 150°C. Tj(pk) may be calculated from the data 
in Figure 6. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to val- 
ues less than the limitations imposed by second break- 
V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) down. 



TYPICAL ELECTRICAL CHARACTERISTICS 


NPN — MJE5180, MJE5181, MJE5182 


PNP — MJE5170, MJE5171, MJE5172 
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l C , COLLECTOR CURRENT (AMPS) 


FIGURE 9 — DC CURRENT GAIN 



l C , COLLECTOR CURRENT (AMPS) 
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MOTOROLA 


MJE5730 

MJE5731 

MJE5732 


HIGH VOLTAGE PNP SILICON POWER TRANSISTORS 

. . . designed for line operated audio output amplifier, SWITCH- 
MODE power supply drivers and other switching applications. 

• 300 V to 400 V (Min) — V C EO(sus) 

• 1.0 A Rated Collector Current 

• Popular TO-220 Plastic Package 

• TO-66 Leadform Available 

• PNP Complements to the TIP47 thru TIP50 Series 


1.0 AMPERE 

POWER TRANSISTORS 
PNP SILICON 

300-350-400 VOLTS 
40 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Base Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Total Power Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Unclamped Inducting Load 
Energy (See Figure 10) 


Operating and Storage Junction 
Temperature Range 


Symbol MJE5730 MJE5731 MJE5732 Unit 


VCEO 


VCB 


Veb 


PD 


PD 


TjJstg 


300 


300 


350 


350 


400 


400 


1.0 

3.0 


1.0 


- 40 • 
0.32 


- 2.0 - 
- 0.016 - 


20 


- 65 to -I- 1 50 - 


Vdc 


Vdc 


Vdc 


Adc 


Adc 


Watts 

W/°C 


Watts 

W/°C 


mJ 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.125 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°c/w 




STYLE 1 
PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 

NOTES 

1 DIMENSION H APPLIES TO ALL LEADS 

2 DIMENSION L APPLIES TO LEADS 1 
AND 3 

3 DIMENSION Z DEFINES A ZONE WHERE 
ALL BODY AND LEAD IRREGULARITIES 
ARE ALLOWED 

4 DIMENSIONING AND TOLERANCING PER 
ANSI Y14 5M, 1982 

5 CONTROLLING DIMENSION INCH 


MILLIMETERS 


INCHES 


CASE 221A-02 
TO-220AB 


1-847 



h FE , DC CURRENT GAIN 


MJE5730, MJE5731, MJE5732 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | UnilT 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
dC = 30 mAdc, Ib = 0) 

MJE5730 

MJE5731 

MJE5732 

VCEO(sus) 

. 

300 

350 

400 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(Vce = 200 Vdc, l B = 0) 

MJE5730 


— 

1.0 


(Vce = 250 Vdc, l B = 0) 

MJE5731 


— 

1.0 


(Vce = 3 °o vdc, 'b = o) 

MJE5732 


— 

1.0 


Collector Cutoff Current 


'ces 



mAdc 

(Vce = 300 Vdc, V BE = 0) 

MJE5730 


_ 

1.0 


(Vce = 350 Vdc, V BE = 0) 

MJE5731 


— 

1.0 


(Vce = 400 Vdc, V BE = 0) 

MJE5732 


— 

1.0 


Emitter Cutoff Current 


! ebo 

_ 

1.0 

mAdc 

(V BE = 5.0 Vdc, lc = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 
dC = 0.3 Adc, V C e = 10 Vdc) 

(1C = 1.0 Adc, V C e = 10 Vdc) 

h F E 

30 

10 

150 

— 

Collector-Emitter Saturation Voltage 
(1C = 1.0 Adc, l B = 0.2 Adc) 

VcE(sat) 


1.0 

Vdc 

Base-Emitter On Voltage 
(1C = 1.0 Adc, Vce = 10 Vdc) 

VBE(on) 

— 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
dC = 0.2 Adc, V C E = 10 Vdc, f = 2.0 MHz) 

fT 

10 

— 

MHz 

Small-Signal Current Gain 
dC = 0.2 Adc, V C E = 10 Vdc, f = 1.0 kHz) 

hfe 

25 


— 


(1) Pulse Test: Pulsewidth =s 300 /xs, Duty Cycle « 2.0%. 


FIGURE 1 — DC CURRENT GAIN 
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Iq. COLLECTOR CURRENT (AMPS) 


1-848 




r(t). TRANSIENT THERMAL RESISTANCE (NORMALIZED) | c , COLLECTOR CURRENT (AMP) V, VOLTAGE (VOLTS) 


MJE5730, MJE5731 , MJE5732 


FIGURE 3 — BASE-EMITTER VOLTAGE 



FIGURE 5 — FORWARD BIAS SAFE OPERATING AREA 



FIGURE 4 — NORMALIZED POWER DERATING 



0 25 50 75 100 125 150 175 

T c . CASE TEMPERATURE (°C) 


There are two limitations on the power handling abil- 
ity of a transistor: average junction temperature and 
second breakdown. Safe operating area curves indicate 
•C'VCE lim,ts °f ^e transistor that must be observed 
for reliable operation; i.e., the transistor must not be 
subjected to greater dissipation than the curves indi- 
cate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; Tc 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(p k ) 150°C. Tjfpk) may be calculated from the data 
in Figure 6. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to val- 
ues less than the limitations imposed by second break- 
down. 



0 01 0 02 0 1 0 2 0 5 10 2 0 5 0 10 20 50 100 200 500 Ik 

t. TIME (ms) 
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t, TIME (/is) 


MJE5730, MJE5731 , MJE5732 


FIGURE 7 — SWITCHING TIME EQUIVALENT CIRCUIT 



FIGURE 8 — TURN-ON RESISTIVE SWITCHING TIMES FIGURE 9 — RESISTIVE TURN-OFF SWITCHING TIMES 



l C , COLLECTOR CURRENT (AMPS) lC- COLLECTOR CURRENT (AMPS) 


FIGURE 10 - INDUCTIVE LOAD SWITCHING 

Test Circuit Voltage and Current Waveforms 









MOTOROLA 


MJE5740 

MJE5741 

MJE5742 


NPN SILICON POWER DARLINGTON TRANSISTORS 

The MJE5740, 41, 42 darlington transistors are designed for high- 
voltage power switching in inductive circuits. They are particularly 
suited for operation in applications such as: 9 

• Small Engine Ignition 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 



8 AMPERE 

NPN SILICON 
POWER DARLINGTON 
TRANSISTORS 
300, 350, 400 VOLTS 
80 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter Base Voltage 


Collector Current 

— Continuous 
- Peak (1) 


Base Current— Continuous 
-Peak (1) 


Total Power Dissipation 
@ T A = 25 °C 
Derate above 25°C 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO(sus) 


V CEV 


Meb 


•c 

•cm 


•b 

•bm 


Pd 


Pd 


Tj, T st g 


MJE5740 MJE5741 MJE5742 


■ 8 - 
• 16 ■ 


-2.5- 

- 5 - 


■ 2 * 
■ 16 ■ 


- 80 - 
■ 640 ■ 


Watts 

mW/°C 


Watts 

mW/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Maximum Lead Temperature for Soldering Purposes: 
1/8" from Case for 5 Seconds 


Symbol Max 


R flJC 


r 0JA 


1.56 


°c/w 


(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 




PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 

4 COLLECTOR 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

1575 

0 575 

0 620 


9 65 

1029 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

^0 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

241 

267 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

1270 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2 79 

0 080 

0.110 

S 

1 14 

1 39 

0 045 

0.055 

T 

5.97 

6 48 

0 235 

0.255 

U 

0 00 

1 27 

0.000 

0.050 

V 

1 14 

- 

0 045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 


1-851 








MJE5740, MJE5741, MJE5742 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted.) 

Characteristic I Symbol I Min 1 Typ I Max I Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage MJE5740 

(l c = 50 mA, l B = 0) MJE5741 

MJE5742 

v CEO(sus) 

300 

350 

400 

- 


Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 

(VceV = Rated Value, V B {=( 0 ff) = 1.5 Vdc, Tq = 100°C) 

'CEV 

- 

~ 

1 

5 

mAdc 

Emitter Cutoff Current 

(V EB = 8 Vdc, I C = 0) 

>EBO 



75 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•S/b 

See Figure 6 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 7 


ON CHARACTERISTICS (1) 


DC Current Gain 

(I C = 0.5 Adc, V CE = 5 Vdc) 

(l c = 4 Adc, V CE = 5 Vdc) 

h F E 

50 

200 

100 

400 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 4 Adc, l B = 0.2 Adc) 


- 

- 

2 


dC = 8 Adc, l B = 0.4 Adc) 


- 

- 

3 


(l c = 4 Adc, l B = 0.2 Adc, T c = 100°C) 


- 

- 

2.2 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 4 Adc, l B = 0.2 Adc) 


- 

- 

2.5 


(l c = 8 Adc, l B = 0.4 Adc) 


- 

- 

3.5 


(l C = 4 Adc, l B = 0.2 Adc, T c = 100°C) 


- 

- 

2.4 


Diode Forward Voltage (2) 

Vf 

- 

- 

2.5 

Vdc 

(l F = 5 Adc) 







SWITCHING CHARACTERISTICS 


Typical Resistive Load (Table 1) | 

Delay Time 

(V CC = 250Vdc, l C (pk)=6A 
* B 1 = 'B2 = 0.25A, t p = 25 jus, 

Duty Cycle ^1%) 

td 

- 

0.04 

- 

jus 

Rise Time 

tr 

- 

0.5 

- 

JUS 

Storage Time 

t S 

- 

8.0 

- 

JUS 

Fall Time 

tf 

- 

2.0 

- 

JUS 

Inductive Load, Clamped (Table 1) J 

Voltage Storage Time 

<IC(pk) = 6A,V C E(pk)= 250Vdc 
>81 = 0.06 A, V BE ( 0 ff) = 5 Vdc) 

*sv 

- 

4.0 

- 

JUS 

Crossover Time 

l c 

- 

2.0 

- 

JUS 


(1) Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2 %. 

(2) The internal Collector-to-Emitter diode can eliminate the need for an external diode to clamp inductive loads. Tests have shown that the 


Forward Recovery Voltage (Vf) of this diode is comparable to that of typical fast recovery rectifiers. 


FIGURE 2 - INDUCTIVE SWITCHING MEASUREMENTS 



TIME 



0.1 1.0 2.0 5.0 10 

l c , COLLECTOR CURRENT (AMPS) 


1-852 









V B £, BASE-EMITTER VOLTAGE (VOLTS) 


MJE5740, MJE5741, MJE5742 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 

REVERSE BIAS SAFE OPERATING AREA AND INDUCTIVE SWITCHING 


RESISTIVE 

SWITCHING 


MJE210 ? V CC 


_pvvL 

Duty Cycle <10% 
t r , tf < 10 ns 




2p v cl#mp 

4 'Selected for > 1 kV 



PW and Adjusted for Desired 1^ 
Rg Adjusted for Desired Ig-j 


Coil Data: 

Ferroxcube Core #6656 
Full Bobbin (~16 Turns) #16 


I * 7 1 

'c(pk)/ 

r . 

— t! — 

t 

VcE^or i 

^clamp | 

r. 

T ime [ 

■«-t2-*«l 


GAP for 200 MH/20A 
L coj , = 200 MH 


OUTPUT WAVEFORMS 

ti Adjusted to 
Obtain Iq 

L coil ('Cok* 

•’ * “Vcc 


L COil ^Cpj<) 


V CC = 30V 
V C E(pk)= 250 Vdc 
'C(pk) = 6A 


T est Equipment 
Scope — Tektronix 
475 or Equivalent 


V CC = 250 V 

D1 = 1 N 5820 or Equ 


I 



t r , tf < 10 ns 
Duty Cycle = 1 .0% 
Rg and Rq adjusted 
for desired Ig and Iq 


TYPICAL CHARACTERISTICS 


FIGURE 4 - BASE-EMITTER VOLTAGE 


FIGURE 5 - COLLECTOR SATURATION VOLTAGE 
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l c , COLLECTOR CURRENT (AMPS) 
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MOTOROLA 


MJE5850 

MJE5851 

MJE5852 


Designers Data Sheet 


SWITCHMODE SERIES 
PNP SILICON POWER TRANSISTORS 

TheMJE5850,MJE5851 andtheMJE5852 transistors are 
designed for high-voltage, high-speed, power switching in inductive 
circuits where fall time is critical. They are particularly suited for line 
operated switchmode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Delfection Circuits 
Fast Turn-Off Times 

100 ns Inductive Fall Time @ 25°C (Typ) 

1 25 ns Inductive Crossover Time @ 25°C (Typ) 

Operating Temperature Range -65 to +1 50°C 

100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



8 AMPERE 

PNP SILICON 
POWER TRANSISTORS 

300, 350, 400 VOLTS 
80 WATTS 


MAXIMUM RATINGS 




MJE 

MJE 

MJE 


Rating 

Symbol 

5850 

5851 

5852 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

300 

350 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

350 

400 

450 

Vdc 

Emitter Base Voltage 

V EB 

6.0 

Vdc 

Collector Current — Continuous 

>c 


8.0 


Adc 

Peak (1 ) 

'CM 


16 



Base Current — Continuous 

•b 


40 


Adc 

Peak (1 ) 

•bm 


8.0 



Total Power Dissipation 

Pd 


80 


Watts 

@ T c = 25°C 

Derate above 25°C 



0.640 


W/°C 

Operating and Storage Junction 

T J' T stg 


-65 to 1 50 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.25 

°C/W 

Maximum Lead Temperature for Soldering 
Purposes: 1 /8" from Case for 5 Seconds 

Tl 

275 

°c 

(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle ^ 10%. 




Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



EMITTER 

COLLECTOR 


NOTES 

1 DIMENSION H APPLIES TO ALL LEADS 

2 DIMENSION L APPLIES TO LEADS 1 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15 75 

0 575 

0 620 

B 

9 65 

10 29 

0 380 

0 405 

_ c' 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

2 41 

267 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 1 55 

J 

0 36 

0 56 

0014 

0 022 

~K~1 

12 70 

1427 

0 500 

0 562 

L 

1H 

1 39 

0.045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3.04 

0 100 

0.120 

R 

2 04 

2.79 

0.080 

0 110 

"T " 1 

1.14 

1.39 

0.045 

0 055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

Z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 


1-855 





MJE5850, MJE5851, MJE5852 


1.3 


ELECTRICAL CHARACTERISTICS He = 25°C unless otherwise noted) 

~~ Characteristic J Symbol j Min | Typ J Max | Unit 

OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage MJE5850 

(l C = 10 mA. I B = 0) MJE5851 

MJE5852 

v CEO(sus) 

300 

350 

400 

- 

- 

Vdc 

Collector Cutoff Current 

•CEV 




mAdc 

(Vcev = Rated Value, V BE ( 0 ff) = 1 -5 Vdc ) 


— 

— 

0.5 


(V C EV = Rated Value, V B E(off) = 1 5 Vdc, T C = 100°C) 


— 

— 

2.5 


Collector Cutoff Current 

'CER 

— 

— 

3.0 

mAdc 

(Vce = Rated Vqev- RbE = 50 SI, Tc = 100°C) 






Emitter Cutoff Current 

*EB0 

— 

— 

1.0 

mAdc 

(V EB = 6.0 Vdc, l C = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

*S/b 

See Figure 12 

Clamped Inductive SOA with base reverse biased 

RBSOA 

See Figure 1 3 


*ON CHARACTERISTICS 


DC Current Gain 
(l c = 2.0 Adc, Vce = 5 Vdc) 

(lc = 5.0 Adc, Vce = 5 Vdc) 

h FE 

15 

5 

- 

- 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

Oc = 4.0 Adc, l B = 1 .0 Adc) 


— 

— 

2.0 


(l C = 8.0 Adc, l B = 3.0 Adc) 


— 

— 

5.0 


(l c = 4.0 Adc, l B = 1 .0 Adc, T c = 100°C) 


— 

— 

2.5 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

Oc = 4.0 Adc, l B = 1 .0 Adc) 


— 

— 

1.5 


0 C = 4.0 Adc, l B = 1 .0 Adc, T c = 100°C) 


— 

— 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

^ob 

- 

270 

— 

PF 

(V CB = 1 0 Vdc, l E = 0, f t est = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) j 

Delay Time 

(V C c = 250 Vdc, l C = 4.0 A, l B i = 1 .0 A, 
t p = 50 ns, Duty Cycle ^ 2%) 

td 

- 

0.025 

0.1 

MS 

Rise Time 

tr 

- 

0.100 

0.5 

MS 

Storage Time 

(V C c = 250 Vdc, l C = 4.0 A, I B1 = 1 .0 A, 

V BE(o ff) = 5 Vdc, t p = 50 /xs, Duty Cycle < 2%) 

ts 

- 

0.60 

2.0 

MS 

Fall Time 

tf 

- 

0.11 

0.5 

MS 

Inductive Load, Clamped (Table 1 ) | 

Storage Time 

OcM = 4 A, VceM = 250 V, I B1 = 1 .0 A, 

VBE(off)= 5 Vdc, T c = 100°C) 

l sv 

- 

0.8 

3.0 

MS 

Crossover Time 

t c 

•— 

0.4 

1.5 

MS 

Fall Time 

tfi 

- 

0.1 

- 

MS 

Storage Time 

OCM = 4A,V CE M = 250V,I B1 = 1.0A, 
VBE(off)=5Vdc, T C = 25°C) 

t S V 

- 

0.5 

- 

MS 

Crossover Time 

tc 

— 

0.125 

— 

MS 

Fall Time 

tfi 

z 

0.1 

- 

MS 


* Pulse Test: PW = 300 ms. Duty Cycle < 2% 


1-856 
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MJE5850, MJE5851, MJE5852 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 


PW Varied to Attain 
lc = 100 mA 



0.2 hf 500 fi y* w 


— V adjusted to obtain desired lg-| 

+ V adjusted to obtain desired VgE(off) 


0.1 juF ^ 

MJ El 5029 


MJ El 5028 -±r 

I 0.1/uF 


hp g desired 
TURN OFF TIME 


L coi | = S°mH V CC = 10 V 
Rrnil = 0.7 n 


L coi | = 180MH 
R co j| = 0.05 n 


clamp 

R adjusted to attain I 


V cc = 250 V 

r L = 62 n 

Pulse Width = 10 ms 


INDUCTIVE TEST CIRCUIT 

TUT [ T 7 \ 


OUTPUT WAVEFORMS 


for Detailed 
Conditions 



r j 

) A 

J 1N4937 

" it 

or 

1 3 

Equivalent 

L J_ 


-t f Clamped L coi |(l C M> 


J T 1 L coil 

— V I 

=f ^CC V CE 


^ tl -|tf | 


Scope - T ektronix 
475 or Equivalent 


RESISTIVE TEST CIRCUIT 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 


FIGURE 8 - INDUCTIVE SWITCHING TIMES 




ts„, VOLTAGE STORAGE TIME (ms) 






MJE5850, MJE5851, MJE5852 


SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 
t S v = Voltage Storage Time, 90% IbI to 10 % Vcem 
t rv = Voltage Rise Time, 10—90% Vcem 
tfj = Current Fall Time, 90—10% Icm 
tti = Current Tail, 10—2% Icm 
t c = Crossover Time, 1 0% Vcem to 1 0% *CM 
An enlarged portion of the inductive switching waveform 


FIGURE 9 - TURN-ON SWITCHING TIMES 



0 1 0 2 0 3 0.5 0.7 1 0 2 0 3.0 5.0 7 0 10 0 

1C, COLLECTOR CURRENT (AMPS) 


is shown in Figure 7 to aid on the visual identity of 
these terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and can 
be obtained using the standard equation from AN-222A: 
PSWT -1/2 Vcc'dtcJf 

In general, t rv + tfj t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
freq uency converter circuits, the user orinented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


FIGURE 10 - TURNOFF SWITCHING TIMES 



FIGURE 11 - TYPICAL THERMAL RESPONSE [Z 0JC {t)] 








MJE5850, MJE5851, MJE5852 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - MAXIMUM FORWARD BIAS 



7.0 10 20 40 70 100 200 300 400 500 

VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 13- RBSOA, MAXIMUM REVERSE BIAS 
SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor average junction temperature and second 
breakdown Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation, i e , the transistor must not be subjected to 
greater dissipation than the curves indicate 

The data of Figure 12 is based on Tq = 25°C, Tj(pj<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
F igure 15 . 

Tj(pk) may be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the RBSOA characteristics. 



VBE(off), BASE EMITTER VOLTAGE (VOLTS) 


FIGURE 15 - FORWARD BIAS POWER DERATING 
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MOTOROLA 


MJE8500 

MJE8501 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE8500 and MJE8501 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

300 ns Inductive Fall Time - 25°C (Typ) 

500 ns Inductive Crossover Time — 25°C (Typ) 

900 ns Inductive Storage Time - 25°C (Typ) 

Operating Temperature Range —65 to +1 25°C 
100°C Performance Specified for: 

Reversed Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


2.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
65 WATTS 


Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data - representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



Rating 

Symbol 

MJE8500 

MJE8501 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

700 

800 

Vdc 

Collector-Emitter Voltage 

v cev7 

1200 

1400 

Vdc 

Emitter Base Voltage 

< 

m 

CO 

8.0 

8.0 

Vdc 

Collector Current — Continuous 

>c 

2.5 

2.5 


Adc 

Peak (1) 

'CM 

5.0 

5.0 



Base Current — Continuous 

'b 

2.0 

2.0 


Adc 

Peak (1) 

*BM 

4.0 

4.0 



Total Power Dissipation @ Tq = 25°C 

P D 

65 

65 


Watts 

@ T C = 100°C 


17 

17 



Derate above 25°C 


0.65 

0.65 


W/°C 

Operating and Storage Junction 

T J- T stg 

-65 to +125 


°C 

Temperature Range 






THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 .54 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 


°c 

Purposes: 1/8" from Case for 5 Seconds 





(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 1 


*-U 

AT 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15 75 

0 575 

0 620 

B 

9 65 

1029 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

nr 

361 

3 73 

0 142 

0 147 

G 

241 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2.04 

2 79 ! 

0.080 

0.110 

S 

1.14 

1 39 

0.045 

0.055 

T 

5.97 

6.48 

0 235 

0.255 

U 

0.00 

1.27 

0.000 

0 050 

V 

1.14 

- 

0.045 

- 

_Z_ 

- 

2.03 

- 

0.080 


STYLE 1 
PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


CASE 221A-02 TO-220 
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MJE8500, MJE8501 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit ~~[ 

OFF CHARACTERISTICS ~~~~ ~ ~ — “ 


Collector-Emitter Sustaining Voltage (Table 1) MJE8500 

(l C = 100 mA, l B = 0) MJE8501 

v CEO(sus) 

700 

800 

- 

- 

Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, V BE ( 0 ff) = 1-5 Vdc) 

(V C EV = Rated Value, V BE ( off ) = 1.5 Vdc, Tq = 100°C) 

‘CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(V CE = Rated V CEV , RbE = 50 ft, T c = 100°C) 

'CER 

— 


5.0 

mAdc 

Emitter Cutoff Current 
(V EB = 7.0 Vdc, l c = 0) 

'EBO 

— 

~ 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

! S/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 13 


ON CHARACTERISTICS (1 ) 


DC Current Gain 

(l c = 0.5 Adc, V CE = 5.0 Vdc) 

hFE 

7.5 

- 

- 

- 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 1.0 Adc, l B = 0.33 Adc) 


- 

- 

2.0 


(l c = 2.5 Adc, l B = 1.0 Adc) 


_ 

_ 

5.0 


(l c = 1.0 Adc, l B = 0.33 Adc, T c = 100°C) 


- 

- 

3.0 


Base-Emitter Saturation Voltage 

v BE (sat) 




Vdc 

(l c = 1.0 Adc, l B = 0.33 Adc) 


_ 

- 

1.5 


(l c = 1.0 Adc, l B = 0.33 Adc, TC = 100°C) 


| 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

50 

- 

250 

PF 

(V C b = 10 Vdc, l E = 0, f test = 1.0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) < | 

Delay Time 

(V C C = 500 Vdc, l C = 1.0 A, 

I B1 = 0.33 A,l V BE ( 0 ff) = 5.0 Vdc. t p = 50 ms. 
Duty Cycle < 2.0%) 

td 

- 

0.045 

0.20 

MS 

Rise Time 

tr 

- 

0.2 

2.0 

MS 

Storage Time 

t S 

- 

1.0 

4.0 

MS 

Fall Time 

tf 

- 

0.5 

2.0 

MS 

Inductive Load, Clamped (Table 1 ) | 

Storage Time 

(l c = 1.0 A(pk), V c|amp = 500 Vdc, I B1 = 0.33 A, 
^BE(off) ~ 5 Vdc, T c = 100°C) 

*sv 


1.3 

4.0 

MS 

Crossover Time 

t C 

- 

0.6 

2.0 

MS 

Storage Time 

(l c = 1.0 A(pk), V clamD = 500 Vdc, I B 1 = 0.33 A, 
V C BE(of<l -5Vdc.Tc = 25°C, 

tsv 

~ 

0.9 

- 

MS 

Crossover T ime 

l c 

~ 

0.5 

- 

MS 

Fall Time 

tfi 


0.3 

- 

MS 


(1 ) Pulse Test: PW - 300 ms, Duty Cycle < 2%. 
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MJE8500, MJE8501 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - COLLECTOR SATURATION REGION 




l.i 1, .1 I I ■» I I ■ I — i I 

0.15 0.2 0.3 0.4 0.7 1.0 

l B , BASE CURRENT (AMPS) 



0.25 0.30 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.5 2.0 2.5 


l CEl COLLECTOR CURRENT (AMPS) 



0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.91.0 

l c , COLLECTOR CURRENT (AMPS) 



-0.4 -0.2 0 +0.2 +0.4 +0.6 

V BE , BASE EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE 







>B2 (pk)’ BASE CURRENT (AMPS) 


MJE8500, MJE8501 



TIME 

FIGURE 8 - PEAK REVERSE BASE CURRENT 



SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% Igl to 10% Vq E ( pk ) 
t rv = Voltage Rise Time, 10-90% Vq E ( pk ) 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V CE ( pk ) t0 io% l c 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching los$ 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 VCC'C^C^ 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


TYPICAL RESISTIVE SWITCHING PERFORMANCE 

FIGURE 9 - TURN - ON SWITCHING TIMES FIGURE 10 - TURN - OFF SWITCHING TIMES 

O. 6 OO 1 1 1 1 ! 1 — | — I I f 1 1 1 2.0 

0.5001 — V CC = 500V I- 11 11 1 






r(U. TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJE8500, MJE8501 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 


v CEO(sus) 


RBSOA AND INDUCTIVE SWITCHING 


RESISTIVE SWITCHING 




47005 547 0 5 R 1 

2 W ] f I 


50 05 5100 0 


All Diodes - 1N4934 430 O | 39 O j 

All NPN - MJE200 f * 

All PNP - MJE210 ^ 250 P F 

Adjust R1 to obtain lg-| 

For switching and RBgOA' R 2 = 0 
For BV CEO (sus). R2 = 00 


Adjust to 
obtain 


V B E(off)=5.0 V 


L coll = 180 JJH 
R co.l = 0 05 a 
V cc = 20 V 


Pulse Width = 1 0 Ms 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 


RESISTIVE TEST CIRCUIT 



t*. - t ; — J tf |-»- 


Scope — Tektronix 
475 or Equivalent 



FIGURE 11 - THERMAL RESPONSE 
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I C (pk) , PEAK COLLECTOR CURRENT (AMPS) p Iq, COLLECTOR CURRENT (AMP) 


MJE8500, MJE8501 


SAFE OPERATING AREA INFORMATION 


FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor average junction temperature and second 
breakdown. Safe operating area curves indicate lc~ v CE 
limits of the transistor that must be observed for reliable 
operation, i.e , the transistor must not be subjected to 
greater dissipation than the curves indicate 

The data of Figure 12 is based on Tc = 25°C, Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C Second breakdown limitations 
do not derate the same as thermal limitations Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14. 

Tj(pk) may be calculated from the data m Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 


FIGURE 14 - POWER DERATING 
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MOTOROLA 


MJE8502 

MJE8503 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE8502 and MJE8503 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

150 ns Inductive Fall Time— 25°C (Typ) 

400 ns Inductive Crossover Time— 25°C (Typ) 

1200 ns Inductive Storage Time— 25°C (Typ) 

Operating Temperature Range -65 to +125°C 
100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

700 and 800 VOLTS 
80 WATTS 


Designer's Data for 
"Worst Case” Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented Limit data - representing 
device characteristics boundaries - 
are given to facilitate "worst case" 
design. 



Rating 

Symbol 

MJE8502 

MJE8503 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

700 

800 

Vdc 

Collector-Emitter Voltage 

V CEV 

1200 

1400 

Vdc 

Emitter Base Voltage 

V EB 

8.0 

8.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

5.0 


Adc 

Peak (1) 

>CM 

10 

10 



Base Current — Continuous 

>B 

4.0 

4.0 


Adc 

Peak (1) 

*BM 

8.0 

8.0 



Total Power Dissipation @ T^; = 25°C 

PD 

80 

80 


Watts 

@ T c = 100°C 


21 

21 



Derate above 25°C 


0.80 

0.80 


W/°C 

Operating and Storage Junction 

T J» T stg 

-65 to + 1 25 


°C 

Temperature Range 






THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.25 

°C/W 

Maximum Lead Temperature for Soldering 

Tl 

275 


°C 

Purposes: 1/8” from Case for 5 Seconds 





(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. I 





T”; 

i * 


m 


DIM 

MILLIM 

ETERS 

, INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15 75 

0 575 

0 620 

B 

9 65 

10 29 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

T035 

F 

361 

3 73 

0 142 

0 147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2.79 

0 080 

0 110 

S 

1 14 

1.39 

0.045 

0 055 

Hr - 

5 97 

6 48 

0 235 

0 255 

nr 

0.00 

1.27 

0.000 

0.050 

v 

1.14 

- 

0.045 

- 

rr~ 

- 

2 03 

- 

0.080 


D— I 


h-L 

G 


STYLE 1. 
PIN 1. 

2 . 

3. 

4. 


BASE 

COLLECTOR 

EMITTER 

COLLECTOR 


CASE 221A-02 TO-220 
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MJE8502, MJE8503 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


Characteristic | Symbol J Min ] Typ \ Max { Unit | 

OFF CHARACTERISTICS — ~ 


Collector-Emitter Sustaining Voltage (Table 1 ) MJE8502 

(1C = 100 mA, l B = 0) MJE8503 

v CEO(sus) 

700 

800 

_ 

_ 

Vdc 

Collector Cutoff Current 

(Vcev = Rated Value, V BE ( 0 ff) = 1.5 Vdc) 

(V C EV = Rated Value, V BE ( off ) = 1.5 Vdc, T C *= 100°C) 

•CEV 

- 

- 

0.25 

5.0 

mAdc 

Collector Cutoff Current 

(V C fc = Rated V CEV , RbE = 50 Tc = 100°C) 

'CER 

— 

— 

5.0 

mAdc 

Emitter Cutoff Current 
(V EB = 7.0 Vdc, l c = 0) 

'EBO 

~ 


1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

>S/b 

See Figure 12 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 


ON CHARACTERISTICS (1) 


DC Current Gam 

(l C = 1.0 Adc, V CE = 5.0 Vdc) 

h FE 

7.5 




Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 2.5 Adc, 1 b = 1-0 Adc) 


- 

- 

2.0 


Oc = 5.0 Adc, l B = 2.0 Adc) 


, 

- 

5.0 


(l C = 2.5 Adc, l B = 1.0 Adc, T C = 100°C) 


- 

- 

3.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(1C = 2.5 Adc, Ib = 10 Adc) 


_ 

- 

1.5 


(1C = 2.5 Adc, 1 B = 1 .0 Adc, Tc = 1 00°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

60 

- 

300 

pF 

(V CB = 10 Vdc, l E = 0, f tes t = 10 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay T mne 

(V C c = 500 Adc, 1C = 2.5 A, 

| B 1 = 1.0 A, V BE ( 0 ff) = 5.0 Vdc, t p = 50 jus. 

Duty Cycle < 2.0%) 

td 

- 

0.040 

0.20 

MS 

Rise T ime 

t r 

- 

0.125 

2.0 

MS 

Storage Time 

ts 

- 

1.2 

4.0 

MS 

Fall Time 

tf . 

- 

0.65 

2.0 

MS 

Inductive Load, Clamped (Table 1 ) | 

Storage Time 

(l C = 2.5 A(pk), V clamp = 500 Vdc, I B1 = 1.0 A, 
v BE(off) = 5 Vdc, TC = 100°C) 

fsv 


1.6 

5.0 

MS 

Crossover T ime 

l c 

- 

0.60 

2.0 

MS 

Storage T ime 

(l C = 2.5 A(pk), V clamp = 500 Vdc, I B1 = 1 .0 A, 
^BE(off) = 5 Vdc, T C = 25°C) 

fsv 

- 

1.2 

- 

MS 

Crossover T ime 

t C 

' 

0.4 


MS 

Fall Time 

tfi 

- 

0.15 

- 

MS 


(1 ) Pulse Test: PW - 300 ms, Duty Cycle < 2%. 
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I C , COLLECTOR CURRENT (#iA) V, VOLTAGE (VOLTS) 


MJE8502, MJE8503 


TYPICAL ELECTRICAL CK 

FIGURE 1 - DC CURRENT GAIN 



0 05 0 07 01 0203 0507 1 2 3 5 

IC, COLLECTOR CURRENT (AMP) 



l c , COLLECTOR CURRENT (AMP) 



-0.4 -0.2 0 +0.2 +0.4 +0.6 


V BE , BASE-EMITTER VOLTAGE (VOLTS) 


100 

70 


2C 

- 1 ( 
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)LTS) 


FIGURE 2 - COLLECTOR SATURATION REGION 


1.3 



0.3 0.5 0 7 1 2 3 


l B . BASE CURRENT (AMP) 


FIGURE 4 - BASE-EMITTER VOLTAGE 



FIGURE 6 - CAPACITANCE 







MJE8502, MJE8503 


SWITCHING TIMES NOTE 



TIME 


FIGURE 8 - PEAK REVERSE BASE CURRENT 



In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t sv = Voltage Storage Time, 90% I b 1 to 10% VcE(pk) 
t rv = Voltage Rise Time, 10 — 90% VQE(pk) 
tf, = Current Fall Time, 90 — 10% Iq 
ttj = Current Tail, 10 — 2% lc 
t c = Crossover Time, 10% VcE(pk) t0 10% 'C 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 v CC'C (t c) f 

In general, t rv + tfi — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


TYPICAL RESISTIVE SWITCHING PERFORMANCE 


FIGURE 9 - TURN-ON SWITCHING TIMES 


FIGURE 10 -TURN-OFF SWITCHING TIMES 



1C, COLLECTOR CURRENT (AMPS) 1C, COLLECTOR CURRENT (AMPS) 
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r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED! 


MJE8502, MJE8503 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



RBSOA AND INDUCTIVE SWITCHING 


470 05 5470 SRI 


50fi| j^i oo n T 

All Diodes - 1N4934 430 0] 39 0 

All NPN - MJE200 

All PNP - MJE210 T 250 Hf 


250 M F Adjust 


Adjust R1 to obtain lg-| 

For switching and RBgOA' = ® 
For BV ceo(sus) , R2 = 00 


R coll = 0 05 12 
V cc = 20 V 


obtain 6 

V B E(off)= 5-0 V 


INDUCTIVE TEST CIRCUIT 


OUTPUT WAVEFORMS 



f* <1— “ M |-»— 

Vc6 t r I 


Test Equipment 
Scope - Tektronix 
475 or Equivalent 


obtain the forced 
hp£ desired 
TURN OFF TIME 
J se inductive switchinf 


V cc = 500 V 
R L = 200 O 
Pulse Width = 10 jus 

RESISTIVE TEST CIRCUIT 



FIGURE 11 - THERMAL RESPONSE 


0.3 

r 

mi 



■1 



cni 

0.1 

— 

“T 

0.07 

HT 

0.05 

0.05 

— 

~~~f~ 




0.03 

0.02 

— = 

3 

0.01 

0.01 


3 


TUT 


•SINGLE PULSE - 

I I I I III 

0 05 0 1 


DUTY CYCLE, D = ti/t 2 


2 5 

t, TIME (ms) 


ZoJC(t) = r(t) RflJC 
R0JC =1.25° CAW Max 

D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 
READ TIME AT ti 

Tj(pk) -Tc = P(pk) ZflJC(t) 







IC(pk), PEAK COLLECTOR CURRENT (AMPS) 'C- COLLECTOR CURRENT (AMP) 
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FIGURE 12 - FORWARD BIAS SAFE OPERATING AREA 



10 20 50 100 200 500 1000 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 13 - RBSOA, REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-VcE 
limits of the transistor that must be observed for reliable 
operation: i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 

do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve on 
Figure 14, 

Tj(pk) may be calculated from the data in Figure 11, 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to 
a safe level at or below a specific value of collector cur- 
rent. This can be accomplished by several means such as 
active clamping, RC snubbing, load line shaping, etc. The 
safe level for these devices is specified as Reverse Bias 
Safe Operating Area and represents the voltage-current 
condition allowable during reverse biased turn-off. This 
rating Is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 13 
gives the complete RBSOA characteristics. 
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MOTOROLA 


MJE12007 


HORIZONTAL DEFLECTION TRANSISTOR 

. . . specifically designed for use in small screen black and white 
deflection circuits. 

• Collector-Emitter Voltage — VcEX = 1 500 Volts 

• Glassivated Base-Collector Junction 

• Switching Times with Inductive Loads — 

tf = 0.65 fis (Typ) (q> Ic = 2.0 A 


2.5 AMPERE 

NPN SILICON 
POWER TRANSISTOR 

1500 VOLTS 
65 WATTS 


MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

750 

Vdc 

Collector-Emitter Voltage 

V CEX 

1500 

Vdc 

Emitter-Base Voltage 

v EBO 

5.0 

Vdc 

Collector Current — Continuous 

>c 

2.5 

Adc 

Base Current — Continuous 

'b 

2.0 

Adc 

Emitter Current — Continuous 

■e 

4.5 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

P D 

65 

0.65 

Watts 

W/°C 

Operating and Storage Junction Temperature Range 

T J< T stg 

-65 to + 1 25 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.54 

o 

o 



FIGURE 1 - TEST CIRCUIT 



■c 

L 

c 

0.75 A 

4.25 mH 

.003 pF 

1 5 

2.18 mH 

.006 pF 

2.0 

1 .6 mH 

.008 pF 


DRIVER TRANSFORMER (T1) 

Motorola part number 25D68782A-05-1/4" lemmata "E" iron 
core Primary Inductance— 39 mH. Secondary Inductance — 22 mH, 
Leakage Inductance with primary shorted - 2.0 pH, Primary 260 
turns #28 AWG enamel wire, Secondary 17 turns. #22 AWG 



2. COLLECTOR 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15 75 

0 575 

0 620 

\T~ 

9 65 

10.29 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

~K~ 

12 70 

1427 

0 500 

0.562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0.210 

Q 

2.54 

3 04 

0 100 

0.120 

R 

2.04 

2.79 

0 080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 


1-873 




hFE, DC CURRENT GAIN 


MJE12007 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristic j Symbol | Min | Typ | Max j Unit | 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage 

Oc = 50 mAdc, (3 = 0) 

VCEO(sus) 

750 

- 

- 

Vdc 

Collector Cutoff Current 

(V C E = 1500 Vdc.V BE = 0) 

•CES 

— 

- 

1.0 

mAdc 

Emitter Cutoff Current 
(V BE = 5.0 Vdc. I C = 0) 

•ebo 

— 

‘ — 

0.1 

mAdc 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 

M c = 2.0 Adc, l B = 1.8 Adc) 

v CE(sat) 


- 

5.0 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 2.0 Adc, l B 1.8 Adc) 

v BE(sat) 

— 


1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Output Capacitance 

(V C B = 10 Vdc. I E = 0. f = 0.1 MHz) 

C Q b 

- 

50 

“ 

PF 

Current Gain — Bandwidth Product (1) 

(l c = 0.1 Adc, V CE = 5.0 Vdc, f test = 1 .0 MHz) 

it 

— 

4.0 


MHz 


SWITCHING CHARACTERISTICS 


Fall Time 

tf 




MS 

(l C = 2.0 Adc, l B i = 1.0 Adc, L B = 12 mH) 


- 

0.65 

1.0 

i 

i 



(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle = 2%. 



0.03 0.05 0.1 0.2 0.5 1.0 2.0 3.0 

1C, COLLECTOR CURRENT (AMP) 



0 25 0.3 0.4 0.5 0 7 1.0 2.0 2.5 

1C. COLLECTOR CURRENT (AMP) 


FIGURE 4 - SAFE OPERATING AREA 
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MOTOROLA 


Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

These devices are designed for high-voltage, high-speed power switch- 
ing inductive circuits where fall time is critical. They are particularly 
suited for 115 and 220 V SWITCHMODE applications such as 
Switching Regulators, Inverters, Motor Controls, Solenoid/Relay 
drivers and Deflection circuits. 

SPECIFICATION FEATURES: 

• Reverse Biased SOA with Inductive Loads @ Tc = 100°C 

• Inductive Switching Matrix 0.5 to 1.5 Amp, 25 and 100°C 

. . . t c @ 1 A, 100°C is 290 ns (Typ). 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE 13002 

MJE 13003 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

v EBO 

9 

Vdc 

Collector Current — Continuous 

•c 

1.5 

Adc 

- Peak (1) 

•cm 

3 



Base Current — Continuous 

•b 

0.75 

Adc 

— Peak (1 ) 

•bm 

1.5 


Emitter Current — Continuous 

•e 

2.25 

Adc 

- Peak (1) 

• em 

4.5 


Total Power Dissipation®^ = 25°C 

Pd 

1.4 

Watts 

Derate above 25°C 


11.2 

mW/°C 

Total Power Dissipation@Tc = 25°C 

Pd 

40 

Watts 

Derate above 25°C 


320 

mW/°C 

Operating and Storage Junction 

T jTstg 

-65 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.12 

°C/W 

Thermal Resistance, Junction to 

Ambient 

R 0JA 

89 

°c/w 

Maximum Lead Temperature for 
Soldering Purposes: 1/8” from Case 
for 5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle <10%. 


Designer's Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely 
from the information presented. Limit data — representing device 
characteristics boundaries — are given to facilitate "worst case" 
design. 


1.5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
40 WATTS 



CASE 77-04 
70-126 



STYLE 3 

PIN 1. BASE 

2. COLLECTOR 

3. EMITTER 


DIM 

'millimeters] 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

10.80 

11.05 

0 425 

0.435 

8 

7 49 

7 75 

0 295 

0.305 

C 

241 

2.67 

0 095 

0.105 

D 

0.51 

0.66 

0.020 

0.026 

F 

2.92 

3.18 

0.115 

0 125 

G 

2.31 

2 46 

0.091 

0.097 

H 

1.27 

2.41 

0.050 

0.095 

J 

0 38 

0.64 

0015 

0 025 

K 

1511 

16.64 

0.595 

0.655 

M 

3 

TYP 

1 3° TYP I 

Q 

3 76 

4.01 

0 148 

0 158 

“R - ! 

1.14 

1.40 

0.045 

0.055 

HU 

0 64 

0 89 

0.025 

0.035 

u 

3.68 

3 94 

0.145 

0155 

V 

102 

- 

0.040 

- 
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ELECTRICAL CHARACTERISTICS (Tq * 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS (1) 

Collector-Emitter Sustaining Voltage 

VcEO(sus) 




Vdc 

Oc = 10 mA, l B * 0) MJE13002 


300 

- 

- 


MJE 13003 


400 

- 

- 


Collector Cutoff Current 

•CEV 





(VcEV = Rated Value, VeE(off) = 1 - 5 Vdc ) 


- 

- 

|KH| 


(VcEV = Rated Value, VgE(off) = 1 5 Vdc ' T C = 100°C) 


- 

- 

WBM 


Emitter Cutoff Current 

•ebo 

- 

! 

■ 

mAdc 

(V EB =9Vdc, l C = 0) 




■ I 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

<S/b 

See Figure 11 


Clamped Inductive SOA with base reverse biased j 

RBSOA 

See Figure 12 



ON CHARACTERISTICS (t) 


DC Current Gain 

(1C = 0.5 Adc, Vce = 2 Vdc) 

0c = 1 Adc, Vce = 2 Vdc) 

hpE 

8 

5 

|| 


■ 

Collector-Emitter Saturation Voltage 

VcE(sat) 




Vdc 

0C = 0.5 Adc, l B = 0.1 Adc) 


- 

- 

0.5 


0C= 1 Adc, l B = 0.25 Adc) 


- 

- 

1 


Oc = 1 -5 Adc, l B ® 0.5 Adc) 


- 

- 

3 


(l C = 1 Adc, l B » 0.25 Adc, T C = 100°C) 


- 

- 

1 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

0 C = 0.5 Adc, l B = 0.1 Adc) 


- 

- 

1 


0C= 1 Adc, l B = 0.25 Adc) 


- 

- 

1.2 


0c = 1 Adc, l B = 0.25 Adc, T C = 100°C) 

i 

- 

- 

1.1 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

0 C = 100 mAdc, V C e = 10 Vdc, f = 1 MHz) 

it 

4 

10 

- 

MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 0.1 MHz) 

c ob 

— 

21 

— 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(V C C = 125 Vdc, l C = 1 A, 

*B1 = *B2 = °-2 A, t p - 25 ms, 

Duty Cycle < 1%) 

t d 

- 

0.05 

0.1 

MS 

Rise Time 

tr 

_ 

0.5 

1 

MS 

Storage Time 

1$ 

- 

2 

4 

MS 

Fall Time 

tf 

- 

0.4 

0.7 

MS 

Inductive Load, Clamped (Table 1, Figure 13) j 

Storage Time 

0c = 1 A, V clarnp = 300 Vdc, 

I B1 = 0.2 A, V B E( 0 ff) = 5 Vdc, T c = 100°C) 

tsv 

- 

1.7 

4 

MS 

Crossover Time 

l c 

- 

0.29 

0.75 

MS 

Fall Time 

l i\ 

- 

0.15 

- 

MS 


( 1 ) Pulse Test: PW « 300 ms, Duty Cycle < 2%. 
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TEST WAVEFORMS VALUES TEST CIRCUITS 


MJE13002, MJE13003 


TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS TABLE 2 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t S v = Voltage Storage Time, 90% Igl to 10% V c | amp 
t rv = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time, 90 — 10% Iq 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | amp to 10% Iq 
A n enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 v CC'C^ f 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE” transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


RESISTIVE SWITCHING PERFORMANCE 



0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 10 20 



0.02 0.03 0.05 0.07 0.1 0.2 0.3 0.5 0.7 1 2 


1C, COLLECTOR CURRENT (AMP) 


1C, COLLECTOR CURRENT (AMP) 


1.3 


FIGURE 10 - THERMAL RESPONSE 
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The Safe Operating Area figures shown in Figures 11 and 12 are 
specified ratings for these devices under the test conditions shown. 



SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

Tj( p k) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
12 gives RBSOA characteristics. 


FIGURE 13 - FORWARD BIAS POWER DERATING 
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MOTOROLA 


Designers Data. Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

These devices are designed for high-voltage, high-speed power switch- 
ing inductive circuits where fall time is critical. They are particularly 
suited for 115 and 220 V SWITCHMODE applications such as Switch- 
ing Regulator's, Inverters, Motor Controls, Solenoid / Relay drivers 
and Deflection circuits. 

SPECIFICATION FEATURES: 

• VcEO(sus) V and 300 v 

• Reverse Bias SOA with Inductive Loads @ Tq = 100°C 

• Inductive Switching Matrix 2 to 4 Amp, 25 and 100°C 

. . . t c @ 3A, 100°C is 180 ns (Typ) 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE13004 

MJE 13005 

Unit 

Collector-Emitter Voltage 

VCEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

v EBO 

9 

Vdc 

Collector Current — Continuous 
- Peak (1) 

•c 

•cm 

4 

8 

Adc 

Base Current — Continuous 
- Peak (1) 

•b 

•bm 

2 

4 

Adc 

Emitter Current — Continuous 
- Peak (1) 

•e 

•em 

6 

12 

Adc 

T otal Power Dissipation @ T = 25°C 
Derate above 25°C 

pd 

2 

16 

Watts 

mW/°C 

Total Power Dissipation @Tc = 25°C 
Derate above 25°C 

P D 

75 

600 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

Tj.Tstg 

-65 to +150 

°C 

| THERMAL CHARACTERISTICS | 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.67 

°C/W 

Thermal Resistance, Junction to 
Ambient 

r 0JA 

62.5 


Maximum Lead Temperature for 
Soldering Purposes: 1/8" from Case 
for 5 Seconds 

t l 

275 

MM 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 

1 


Designer's Data for "Worst Case" Conditions 

The Designers Data Sheet permits the design of most circuits entirely 
from the information presented. Limit data — representing device 
characteristics boundaries —are given to facilitate"worst case"design. 


■ 


1 


4 AMPERE 
NPN SILICON 
POWER TRANSISTORS 

300 and 400 VOLTS 
75 WATTS 




STYLE 1: 

PIN 1 BASE 

2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

■m 

MIN 

MAX 

m 

HEM 


14 60 

1575 

nsa 

■ilifriil 

B 

9 65 

10 29 

EfiB 


C 

4 06 

4 82 

iiiiaiM 

IiWLnM 

D 

0 64 

0 89 

liliWEB 


F 

3 61 

3 73 

0 142 


G 

2 41 

2 67 

0 095 


H 

2 79 

3 93 

0 110 


J 

0 36 

mm 

Inlalfl 

0 022 

K 

12 70 

1427 



L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

iiimih 

liWIil 

Q 

2 54 


HEBM 

EBB3I 

R 

2 04 

2.79 

0.080 

0.110 

S 

1 14 

1.39 


fcimln.! 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 


0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

WEMM 

- 

0.080 


CASE 221A-02 
TO-220AB 


1-881 
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ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

v CEO(sus) 




Vdc 

(l C = 10 mA, l B = 0) MJ El 3004 


300 

- 

- 


MJ El 3005 


400 

- 

- 


Collector Cutoff Current 

>CEV 




mAdc 

(Vcev = R a te d Value, VgE(off) = 1 -5 Vdc) 


- 

- 

1 


(V C EV = Rate d Value, V BE<off ) = 1 .5 Vdc, T c = 100°C) 


- 

- 

5 


Emitter Cutoff Current 

'EBO 

- 

- 

1 

mAdc 

(V EB = 9 Vdc, l c = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

*S/b 


See Figure 1 1 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 12 


*ON CHARACTERISTICS 


DC Current Gain 

(l C = 1 Adc, V CE = 5 Vdc) 

(lC = 2 Adc, V C E = 5 Vdc) 

h FE 

10 

8 

- 

60 

40 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 1 Adc, l B = 0.2 Adc) 


- 

- 

0.5 


(lC = 2 Adc, l B = 0.5 Adc) 


- 

- 

0.6 


(l c = 4 Adc, l B = 1 Adc) 


- 

- 

1 


(l C = 2 Adc, l B = 0.5 Adc, T C = 100°C) 


- 

- 

1 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 1 Adc, l B = 0.2 Adc) 


- 

- 

1.2 


(1C = 2 Adc, l B = 0.5 Adc) 


- 

- 

1.6 


(l C = 2 Adc, l B = 0.5 Adc, T C = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 500 mAdc, V C E = 10 Vdc, f = 1 MHz) 

IT 

4 

- 

- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E = 0, f = 0.1 MHz) 

^ob 

- 

65 

- 

pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 2) j 

Delay Time 

(V C C = 125 Vdc, l c = 2 A, 

*B1 = <B2 = 0 4 A ' ip = 25 ms. 

Duty Cycle < 1%) 

r d 

- 

0.025 

0.1 

MS 

Rise T ime 

t r 

- 

0.3 

0.7 

MS 

Storage T ime 

Is 

- 

1.7 

4 

MS 

Fall Time 

tf 

- 

0.4 

0.9 

MS 

Inductive Load, Clamped (Table 2, Figure 13) | 

Voltage Storage, Time 

(l c = 2A, V clamp = 300 Vdc, 

I B1 = 0.4 A, V BE(off ) = 5 Vdc, T C = 100°C) 

tsv 

- 

0.9 

4 

MS 

Crossover Time 

tc 

- 

0.32 

0.9 

MS 

Fall Time 

<fi 

- 

0.16 

- 

MS 


*Pulse Test: Pulse Width = 300 ms. Duty Cycle = 2%. 
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FIGURE 7 - INDUCTIVE SWITCHING MEASUREMENTS 
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TABLE 1 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


■c 

T C 

tsv 

trv 

tfi 

tti 

tc 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

2 

25 

600 

70 

100 

80 

180 


100 

900 

110 

240 

130 

320 

3 

25 

650 

60 

140 

60 

200 


100 

950 

100 

330 

100 

350 

4 

25 

550 

70 

160 

100 

220 


100 

850 

110 

350 

160 

390 


NOTE: All Data recorded in the inductive Switching Circuit in Table 2. 


SWITCHING TIMES NOTE 

In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

tsv = Voltage Storage Time, 90% I bi to 10% V c | am p 
t rv = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall, Time, 90 — 10% lc 
ttj = Current Tail, 10—2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 
is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

P SWT = 1/2 VCC'C^C^ 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers. However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 



RESISTIVE SWITCHING PERFORMANCE 

FIGURE 9 - TURN-OFF TIME 


0.1 0.2 0.4 1 

l c , COLLECTOR CURRENT (AMP) 
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TABLE 2 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



FIGURE 10 - TYPICAL THERMAL RESPONSE [Z 0JC {t)] 
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The Safe Operating Area Figures 1 1 and 12 are 
specified ratings for these devices under the test conditions shown. 



5 7 10 20 30 50 70 100 200 300 400500 

V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 12- REVERSE BIAS SWITCHING 
SAFE OPERATING AREA 



0 100 200 300 400 500 600 700 800 

V CEV , COLLECTOR EMITTER CLAMP VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 
FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic-VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 11 is based on Tc = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 11 may be found 
at any case temperature by using the appropriate curve 
on Figure 13. 

Tj(pk) may be calculated from the data in Figure 10. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
12 gives the complete RBSOA characteristics. 



Tc, CASE TEMPERATURE <°C) 
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Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE 13006 and MJE 13007 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 V switch- 
mode applications such as Switching Regulators, Inverters, Motor 
Controls, Solenoid/Relay drivers and Deflection circuits. 

SPECIFICATION FEATURES: 

• VcEO(sus) 400 V and 300 V 

• Reverse Bias SOA with Inductive Loads @ T q = 100°C 

• Inductive Switching Matrix 3 to 8 Amp, 25 and 100°C 

. . . t c @ 5A, 100°C is 136 ns (Typ). 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 


MAXIMUM RATINGS 

Rating 

Symbol 

MJE13006 

MJE13007 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

v EBO 

9 

Vdc 

Collector Current - Continuous 


•c 



8 


Adc 

- Peak (1) 


ICM 



16 



Base Current — Continuous 


>B 



4 


Adc 

- Peak (1) 


• bm 



8 



Emitter Current — Continuous 


lE 



12 


Adc 

-Peak (1) 


*EM 



24 



Total Power Dissipation@TA = 25°C 


PD 



2 


Watts 

Derate above 25°C 





16 


mW/°C 

Total Power Dissipation@Tc = 25°C 


Pd 



80 


Watts 

Derate above 25°C 




640 


mW/°C 

Operating and Storage Junction 


Tj.Tstg 


-65 to +150 


°C 

Temperature Range 








THERMAL CHARACTERISTICS ! 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.56 

°C/W 

Thermal Resistance, Junction to 


R 0JA 


62.5 


°C/W 

Ambient 








Maximum Lead Temperature for 


Tl 


275 


°C 

Soldering Purposes: 1/8“ from Case 








for 5 Seconds 








(1 ) Pulse Test: Pulse Width = 5 ms, Duty Cycle < 10%. 


8 AMPERE 
NPN SILICON 
POWER TRANSISTORS 
300 and 400 VOLTS 
80 WATTS 



Designer's Data for 
“Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate “worst case" 
design. 



3 EMITTER 2 DIMENSION L APPLIES TO LEADS 1 

4 COLLECTOR AN0 3 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

1575 

0 575 

0 620 

B 

9 65 

1029 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3 04 

0 100 ! 

0 120 

R 

2 04 

2 79 

0 080 

0 110 

S 

1 14 

1 39 

0.045 

0 055 

T 

5 97 

6 48 

0.235 

0.255 

U 

0.00 

1 27 

0 000 

0 050 

V 

1.14 

- 

0 045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 
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ELECTRICAL CHARACTERISTICS |Tq = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

•OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

v CEO(sus) 




Vdc 

(l c = 10 mA, l B = 0) MJE13006 


300 

- 



MJE13007 


400 

- 

- 


Collector Cutoff Current 

•CEV 




mAdc 

(VcEV = Rated Value, VgE(off) = 1 5 Vdc) 


- 

- 

1 


(V C EV = Rated Value, V BE(off ) = 1 .5 Vdc, T c = 100°C) 


- 

- 

5 


Emitter Cutoff Current 

'EBO 

- 

- 

1 

mAdc 

(V EB = 9Vdc, Iq = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 

Clamped Inductive SOA with Base Reverse Biased 

- 

See Figure 2 


*ON CHARACTERISTICS 


DC Current Gain 

(l C = 2 Adc, V CE = 5 Vdc) 

(l C = 5Adc, V C E = 5Vdc) 

h FE 

8 

5 

- 

60 

30 

* 

Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l C = 2Adc, l B = 0.4 Adc) 


- 

- 

1 


(l C = 5 Adc, l B = 1 Adc) 


- 

- 

2 


(l C = 8 Adc, l B = 2 Adc) 


- 

- 

3 


(lC = 5 Adc, l B = 1 Adc, T c = 100°C) 


- 

- 

3 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l c = 2 Adc, l B = 0.4 Adc) 


- 

- 

1.2 


(l C - 5 Adc, l B = 1 Adc) 


- 

- 

1.6 


(l C = 5 Adc, l B = 1 Adc, T c = 100°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(1C = 500 mAdc, V CE = 10 Vdc, f = 1 MHz) 

*T 

4 

- 

- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E = 0, f = 0.1 MHz) 

Cob 


110 

~ 

PF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) | 

Delay Time 

<Vcc = 125 Vdc, l c = 5 A, 

<B1 = lB2= 1 A, tp = 25jus, 

Duty Cycle < 1%) 

td 

_ 

0.05 

0.1 

MS 

Rise Time 

V 

- 

0.8 

1.5 

MS 

Storage Time 

l s 

- 

1 

3 

MS 

Fall Time 

tf 

- 

0.15 

0.7 

MS 

Inductive Load, Clamped (Table 1, Figure 13) | 

Voltage Storage Time 

(Iq - 5 A, V c |amp ~ 300 Vdc, 

*B1 = 1 A, V B E (off) = 5 Vdc, T c = 100°C) 


- 

0.86 

2.3 

MS 

Crossover Time 

lc 


0.14 

0.7 

MS 


# Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2%. 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VcE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tq = 25°C; Tj(p|<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 3. 

T J(pk) may be calculated from the data in Figure 4. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

Use of reverse biased safe operating area data (Figure 2) 
is discussed in the applications information section. 


FIGURE 4 - TYPICAL THERMAL RESPONSE (Zej c (t)] 



FIGURE 3 - FORWARD BIAS POWER DERATING 



Tc, CASE TEMPERATURE (°C) 
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V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN 
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FIGURE 5 -DC CURRENT GAIN 



FIGURE 7 - BASE-EMITTER SATURATION VOLTAGE 




-0 2 0 + 0.2 +0 4 +0 6 

V B E. BASE EMITTER VOLTAGE (VOLTS) 


V, VOLTAGE (VOLTS) ^ Vqe, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - COLLECTOR SATURATION REGION 




1C, COLLECTOR CURRENT (AMP) 


FIGURE 10 - CAPACITANCE 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



APPLICATIONS INFORMATION FOR SWITCHMODE SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.H ) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Vqc a ^ er the device is com- 
pletely off (see load line diagrams at lc = leakage ^ 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VcEV)/ this is the recommended and specified use 

(1) For detailed information on specific switching applications, 
see Motorola Application Notes AN-71 9, AN-737A. AN-767, 
and AN-752. 


condition. Maximum IcEV at rated VcEV ' s specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn-on and turn- 
off. If the load containsa significant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SO A curves (Fig- 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage- 
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS {continued) 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 ms (see stan- 
dard Dulsed forward SOA curves in Figure 1). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
(Figure 2). 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 


handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 5 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfj). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 


RESISTIVE SWITCHING PERFORMANCE 


FIGURE 11 - TURN-ON TIME 


FIGURE 12 - TURN-OFF TIME 




TIME 



FIGURE 14 -TYPICAL INDUCTIVE SWITCHING WAVEFORMS 
(at 300 V and 8A with Ig-j = 1.6A and VgEfoff) = 5 V) 



TIME 20 ns/DIV 
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TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 


CIRCUIT 


LOAD LINE DIAGRAMS 


TIME DIAGRAMS 


SERIES SWITCHING 
REGULATOR 


v cc 


16A 


^ T c - 100°C- 


■y Turn-On (Forward Blai) SOA 

'S' t on <10 M» 


Duty Cycle < 10% 
P D = 3200W© 

✓ 300 V 


t v o 



Turn-Off (Reverse Bias) SOA 
5 V <V BE(off) O.OV 
Duty Cycle < 10% 



toff 


V C E 


V CC 400V ® 700 V© 

Collector Voltage 

Notes: 

© MJE13007 Voltage Ratings (V CEO (sus) and V CEV> ar ® Shown, 
MJE 13006 Ratings are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 




V CC 


RINGING CHOKE 
INVERTER 


16A 


v C c 


rr 


v 0 


^.Turn-On (Forward Bias) SOA 
t on < 1 0 ms 
Duty Cycle < 10% 

D = 3200W© 
v 300 V 

Turn-Off ( Reverse Bias) SOA 

1.5 V < V BE(off ) < 9.0 V 
Duty Cycle <10% 





V C E 


Leakage Spike 




'400 V ©" K "'° 700 V © 

V CC + N < v 0 ) Collector Voltage 

Notes: 

© MJE 13007 Voltage Ratings (V CEO ( sus ) and V CEV ) Are Shown. 

MJE 13006 Ratings Are 100 V Lower. 

© See AN-569 For Pulse Power Derating Procedure 


V C C + 

N(V Q ) 


— | Vcc 



PUSH-PULL 

INVERTER/CONVERTER 


16A 


T c = 100°C 


^Turn-On (Forward Bias) SOA 
t on < 10 ms 

\ Duty Cycle < 10% 



\ 


P n = 3200W ( 


\"D 





Turn-Off 


Turn-Off (Reverse Bias) SOA 
1.5 V < V BE ( off ) <9.0 V 
Duty Cycle < 10% 


n 


toff 


V CE 


2 VCC I 

700 V© 


Vcc 400 v © 

Collector Voltage 

Notes: 

© MJE 13007 Voltage Ratings (VceO(sus) and V CE V* Are Shown, 
MJE 13006 Ratings Are 1 00 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 



SOLENOID DRIVER 


16A 


T c = 100°C 


V CC 

Solenoid 


1 


Turn-On (Forward Bias) SOA 
t on < 1 0 Ms 

\ Duty Cycle < 10% 

,\ P D = 3200W © 

300 V Turn-Off (Reverse Bias) SOA 
1.5 V< V BE(off) <9.0 V 
-v, Duty Cycle < 10% 


\ 


^on j^tpff 


a^- 


V C C 400 V © 700 V © 

otes; Collector Voltage 

© MJE 1 3007 Voltage Ratings (VceO(sus) and V CEV^ Are Shown, 
MJE 13006 Ratings Are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 


V CC 
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TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


•c 

T C 

t SV 

trv 

tfi 

tti 


AMP 

°C 

ns 

ns 

ns 

ns 

ns 

3 

25 

730 

115 

100 

110 

200 


100 

1000 

150 

100 

150 

250 

5 

25 

600 

60 

23 

4 

85 


100 

860 

84 

50 

10 

136 

8 

25 

650 

25 

26 

4 

42 


100 

880 

52 

80 

20 

160 


NOTE : All Data recorded in the inductive Switching Circuit in Table 1 . 


SWITCHING TIME NOTES 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

tsv = Voltage Storage Time, 90% I b 1 to 10% VcEM 
t rv = Voltage Rise Time, 10—90% V CEM 
tfj = Current Fall Time, 90—10% IcM 
tti = Current Tail, 10-2% IcM 
t c = Crossover Time, 10% VqEM to 10% 'CM 
An enlarged portion of the turn-off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222A: 

p SWT = I/ 2 v CC'c(tc) f 

Typical inductive switching waveforms are shown in 
Figure 14. In general, t rv + tfj — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a “SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 
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Designers Data Sheet 


SWITCHMODE SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE 13008 and MJE13009 are designed for high-voltage, 
high-speed power switching inductive circuits where fall time is 
critical. They are particularly suited for 115 and 220 V switch- 
mode applications such as Switching Regulators, Inverters, Motor 
Controls, Solenoid/Relay drivers and Deflectioncircuits. 

SPECIFICATION FEATURES: 

• VqeO(sus) 400 v and 300 V 

• Reverse Bias SO A with Inductive Loads @ Tq = 100°C 

• Inductive Switching Matrix 3 to 12 Amp, 25 and 100°C 

. . . t c @ 8 A, 100°C is 120 ns (Typ). 

• 700 V Blocking Capability 

• SOA and Switching Applications Information. 


MAXIMUM RATINGS 





Rating 

Symbol 

MJE 13008 

MJE 13009 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

300 

400 

Vdc 

Collector-Emitter Voltage 

V CEV 

600 

700 

Vdc 

Emitter Base Voltage 

v EBO 



Vdc 

Collector Current - Continuous 

ic 

12 

Adc 

- Peak (1) 

•cm 

24 


Base Current - Continuous 

•b 

6 

Adc 

- Peak (1) 

•bm 

12 


Emitter Current - Continuous 

•e 

18 

Adc 

- Peak (1) 

•em 

36 


Total Power Dissipation @T/\ = 25°C 

Pd 


2 

Watts 

Derate above 25°C 


16 

mW/°C 

Total Power Dissipation@Tc = 25°C 

p D 

100 

Watts 

Derate above 25°C 

800 

mW/°C 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.25 

°C/W 

Thermal Resistance, Junction to 

Ambient 

R 0JA 

62.5 

°c/w 

Maximum Lead Temperature for 
Soldering Purposes. 1/8" from Case 
for 5 Seconds 


275 

°c 

(1 ) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 




12 AMPERE 
NPN SILICON 
POWER TRANSISTORS 
300 and 400 VOLTS 
100 WATTS 



Designer's Data for 
"Worst Case" Conditions 

The Designers Data Sheet per- 
mits the design of most circuits 
entirely from the information pre- 
sented. Limit data — representing 
device characteristics boundaries — 
are given to facilitate "worst case" 
design. 



DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

1575 

0 575 

0 620 

B 

9 65 

1029 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0.035 

F 

3 61 

3 73 

0 142 

0 147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0.022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0.045 

0 055 

N 

4 83 

5.33 

0 190 

0 210 

Q 

2.54 

3.04 

0.100 

0 120 

R 

2.04 

2 79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

*OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage 

VCEO(sus) 



1 

Vdc 

(l C = 10 mA, l B = 0) MJE13008 


300 

- 

- 


MJE13009 


400 


_ 


Collector Cutoff Current 

■CEV 




mAdc 

(VcEV ~ Rated Value, VgEloff) = 1-5 Vdc) 


- 

- 



(V C EV = Rated Value, V BE ( off ) = 1 .5 Vdc, T c = 1 00°C) 


- 

_ 

5 


Emitter Cutoff Current 

•ebo 

- 

- 

T 

mAdc 

(V EB = 9 Vdc, lc = 0) 




i 



SECOND BREAKDOWN 


Second Breakdown Collector Current with base forward biased 

•s/b 

See Figure 1 

Clamped Inductive SOA with Base Reverse Biased 

- 

See Figure 2 


*ON CHARACTERISTICS 


DC Current Gain 

(l c = 5Adc, VcE = 5Vdc) 

(lC = 8 Adc, Vqe = 5 Vdc) 

h FE 

8 

6 


40 

30 


Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(l c = 5 Adc, l B = 1 Adc) 



- 

1 


(l c = 8 Adc, l B = 1.6 Adc) 


- 

- 

1.5 


(l C = 12 Adc, l B = 3 Adc) 



- 

3 


(l C = 8 Adc, 1 e = 1 .6 Adc, T C = 100°C) 




2 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(l C = 5 Adc, l B = 1 Adc) 


- 

- 

1.2 


(1C = 8 Adc, l B = 1.6 Adc) 


- 

- 

1.6 


(l C - 8 Adc, l B = 1.6 Adc, T c = 100°C) 


~ 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(l c = 500 mAdc, V C £ = 10 Vdc, f = 1 MHz) 

*T 

4 

- 

- 

MHz 

Output Capacitance 

(V CB - 10 Vdc, l E = 0, f = 0 1 MHz) 

Cob 


180 


pF 


SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) j 

Delay Time 

(V C c = 125 Vdc, l c = 8 A, 

• B 1 = *B2 = 1.6 A, t p = 25 ms, 

Outy Cycle 1%) 

<d 

- 

0.06 

0.1 

MS 

Rise T ime 

<r 

- 

0.45 

1 

MS 

Storage T ime 


- 

1.3 

3 

MS 

Fall T ime 

tf 

- 

0.2 

0.7 

MS 

| Inductive Load, Clamped (Table 1 , Figure 1 3) j 

Voltage Storage T ime 

UC = 8 A, V damp = 300 Vdc, 

I B1 - 1.6 A. V BE(of f) = 5 Vdc, T c = 100°C) 

T sv 

- 

0.92 

2.3 

MS 

Crossover Time 

l c 

- 

0.12 

0.7 

MS 


•Pulse Test: Pulse Width = 300 ms, Duty Cycle = 2%. 
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FIGURE 3 - FORWARD BIAS POWER DERATING 



breakdown. Safe operating area curves indicate Ic _ Vqe 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 1 is based on Tq = 25°C; Tj( p k) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tc ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 1 may be found 
at any case temperature by using the appropriate curve on 
Figure 3. 

Tj(pk) may be calculated from the data in Figure 4. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 

Use of reverse biased safe operating area data (Figure 2) 
is discussed in the applications information section. 


FIGURE 4 - TYPICAL THERMAL RESPONSE fZ 0JC (t)] 



1-897 




hFE, DC CURRENT GAIN 


MJE 13008, MJ El 3009 


FIGURE 5 -DC CURRENT GAIN 


FIGURE 6 - COLLECTOR SATURATION REGION 
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FIGURE 7 - BASE EMITTER SATURATION VOLTAGE 



FIGURE 8 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 
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FIGURE 9 - COLLECTOR CUTOFF REGION 


FIGURE 10 - CAPACITANCE 


I Tj = 25°C 
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TABLE 1 - TEST CONDITIONS FOR DYNAMIC PERFORMANCE 



APPLICATIONS INFORMATION FOR SWITCHMODE SPECIFICATIONS 


INTRODUCTION 

The primary considerations when selecting a power 
transistor for SWITCHMODE applications are voltage 
and current ratings, switching speed, and energy handling 
capability. In this section, these specifications will be 
discussed and related to the circuit examples illustrated 
in Table 2.H ) 


VOLTAGE REQUIREMENTS 

Both blocking voltage and sustaining voltage are 
important in SWITCHMODE applications. 

Circuits B and C in Table 2 illustrate applications 
that require high blocking voltage capability. In both 
circuits the switching transistor is subjected to voltages 
substantially higher than Vqc after the device is com- 
pletely off (see load line diagrams at Iq = heakage 3:5 0 
in Table 2). The blocking capability at this point depends 
on the base to emitter conditions and the device junction 
temperature. Since the highest device capability occurs 
when the base to emitter junction is reverse biased 
(VcevK this is the recommended and specified use 

(1 ) For detailed information on specific switching applications, 
see Motorola Application Notes An-719, AN-737A, AN-752, 
AN-767. 


condition. Maximum IcEV at rated VcEV is specified 
at a relatively low reverse bias (1.5 Volts) both at 25°C 
and 100°C. Increasing the reverse bias will give some 
improvement in device blocking capability. 

The sustaining or active region voltage requirements 
in switching applications occur during turn on and turn- 
off. If the load contains a significant capacitive component, 
high current and voltage can exist simultaneously during 
turn-on and the pulsed forward bias SOA curves (Fig- 
ure 1) are the proper design limits. 

For inductive loads, high voltage and current must be 
sustained simultaneously during turn-off, in most cases, 
with the base to emitter junction reverse biased. Under 
these conditions the collector voltage must be held to a 
safe level at or below a specific value of collector current. 
This can be accomplished by several means such as active 
clamping, RC snubbing, load line shaping, etc. The safe 
level for these devices is specified as a Reverse Bias Safe 
Operating Area (Figure 2) which represents voltage- 
current conditions that can be sustained during reverse 
biased turn-off. This rating is verified under clamped 
conditions so that the device is never subjected to an 
avalanche mode. 

In the four application examples (Table 2) load lines 
are shown in relation to the pulsed forward and reverse 
biased SOA curves. 
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VOLTAGE REQUIREMENTS (continued) 

In circuits A and D, inductive reactance is clamped by 
the diodes shown. In circuits B and C the voltage is 
clamped by the output rectifiers, however, the voltage 
induced in the primary leakage inductance is not clamped 
by these diodes and could be large enough to destroy the 
device. A snubber network or an additional clamp may 
be required to keep the turn-off load line within the 
Reverse Bias SOA curve. 

Load lines that fall within the pulsed forward biased 
SOA curve during turn-on and within the reverse bias 
SOA curve during turn-off are considered safe, with the 
following assumptions: 

(1) The device thermal limitations are not exceeded. 

(2) The turn-on time does not exceed 10 ns (see stan- 
dard pulsed forward SOA curves in Figure 1). 

(3) The base drive conditions are within the specified 
limits shown on the Reverse Bias SOA curve 
( Figure 2). 

CURRENT REQUIREMENTS 

An efficient switching transistor must operate at the 
required current level with good fall time, high energy 


handling capability and low saturation voltage. On this 
data sheet, these parameters have been specified at 8 
amperes which represents typical design conditions for 
these devices. The current drive requirements are usually 
dictated by the VcE(sat) specification because the maxi- 
mum saturation voltage is specified at a forced gain 
condition which must be duplicated or exceeded in the 
application to control the saturation voltage. 

SWITCHING REQUIREMENTS 

In many switching applications, a major portion of the 
transistor power dissipation occurs during the fall time 
(tfj). For this reason considerable effort is usually devoted 
to reducing the fall time. The recommended way to 
accomplish this is to reverse bias the base-emitter junction 
during turn-off. The reverse biased switching character- 
istics for inductive loads are discussed in Figure 11 and 
Table 3 and resistive loads in Figures 13 and 14. Usually 
the inductive load component will be the dominant 
factor in SWITCHMODE applications and the inductive 
switching data will more closely represent the device 
performance in actual application. The inductive switch- 
ing characteristics are derived from the same circuit used 
to specify the reverse biased SOA curves, (See Table 1) 
providing correlation between test procedures and actual 
use conditions. 


RESISTIVE SWITCHING PERFORMANCE 

FIGURE 11 - TURN-ON TIME FIGURE 12 - TURN-OFF TIME 





TIME 


FIGURE 14 - TYPICAL INDUCTIVE SWITCHING WAVEFORMS 
(at 300 V and 12 A with Igi = 2.4 A and VeE(off) = 5 V) 
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TABLE 2 - APPLICATIONS EXAMPLES OF SWITCHING CIRCUITS 


CIRCUIT 


LOAD LINE DIAGRAMS 


TIME DIAGRAMS 


SERIES SWITCHING 
REGULATOR 


- T C - 1 00°C- 


v cc 


■ ^ Turn-On (Forward Bias) SOA 
t on <l0/is 
\ Duty Cycle < 10% 

P D = 4000 W© 

350 V 


V Q 



Turn-Off (Reverse Bias) SOA 
< V BE (off) < 9 0 v 
Cycle < 10% 


v cc 400 V © 700 V© 

Collector Voltage 

Notes. 

© MJE13009 Voltage Ratings (Vq E o( sus ) and Vqev^ are shown, 
MJE13008 Ratings are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 


M 

{/ t on 

j. r 


toff 


V CE 




V CC 


RINGING CHOKE 
INVERTER 


V CC 




zZ° 


Turn-On (Forward Bias) SOA 
ton < 10 ms 

\ Duty Cycle < 10% 

^ T C - 100°C P D = 4000 W © 

\ 350 V 

Turn-Off (Reverse Bias) SOA 

5 V < V BE(off) < 9.0 V 
Duty Cycle < 10% 


24A - 


O 12A- 


\ 



V Turn-Off (R 

^ J P i 




Leakage Spike 


400 V ©" K "'" 700 V © 

V CC + N(V 0 ) collector Voltage 

Notes: 

© MJE13009 Voltage Ratings (Vceo(sus) and V CEV^ are shown, 
MJE 13008 Ratings are 100 V Lower. 

© See AN-569 For Pulse Power Derating Procedure 


V C C + 

N(V 0 ) 



PUSH-PULL 

INVERTER/CONVERTER 


^Turn-On (Forward Bias) SOA 

24A 

\ Duty Cycle < 10% 


T c = 100°C - 


Vcc 


‘-N- 


\ 


\ P D = 4000 W@ 

^350 V Turn-Off (Reverse Bias) SOA 
1.5 V < V BE(off) <9.0 V 


vr 


v 0 



Duty Cycle < 10% 




/ 




2 VC C | 

700 V© 


V C C 400 v © 

Collector Voltage 

Notes: 

Q) MJE 13009 Voltage Ratings (Vceo(sus) and V CEV) are shown, 
MJE 13008 Ratings are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 


I^ vcc ^ lT| 


2 V CC 
Vcc 


SOLENOID DRIVER 


24A 



T c - 100°C 

I \ 

^ 12A — J— 


Turn-On (Forward Bias) SOA 
t on <10MS 

^ Duty Cycle < 10% 

Pq = 4000 W (© 

\ 


350 V 


Turn-Off (Reverse Bias) SOA 
1-5 V< V BE(off) <9.0 V 
Duty Cycle < 1 0% 


Turn-On 


1. 


Vcc 400 V © 700 V © 

Notes; Collector Voltage 

© MJE13009 Voltage Ratings (VceO(sus) and V CEV^ are shown, 
MJE 13008 Ratings are 100 V Lower. 

© See AN-569 for Pulse Power Derating Procedure. 
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1.3 


TABLE 3 - TYPICAL INDUCTIVE SWITCHING PERFORMANCE 


'c 

T C 

'sv 

trv 

tfi 

tti 

tc 

AMP 

°C 

ns 

ns 

ns 

ns 

ns 

3 

25 

770 

100 

150 

200 

240 


TOO 

1000 

230 

160 

200 

320 

5 

25 

630 

72 

26 

10 

100 


100 

820 

100 

55 

30 

180 

8 




27 

2 

77 




■9 

50 

8 

120 




Wk 


2 

41 






4 

54 


NOTE: All Data recorded in the inductive Switching Circuit in Table 1. 


SWITCHING TIME NOTES 


In resistive switching circuits, rise, fall, and storage times 
have been defined and apply to both current and voltage 
waveforms since they are in phase. However, for inductive 
loads which are common to SWITCHMODE power 
supplies and hammer drivers, current and voltage wave- 
forms are not in phase. Therefore, separate measurements 
must be made on each waveform to determine the total 
switching time. For this reason, the following new terms 
have been defined. 

t sv = Voltage Storage Time, 90% I b 1 to 10% Vqem 
t rv = Voltage Rise Time, 10-90% Vqem 
tfj = Current Fall Time, 90-10% Iqm 
ttj = Current Tail, 10-2% IcM 
t c = Crossover Time, 10% VqeM to 10 % *CM 
An enlarged portion of the turn-off waveforms is shown in 
Figure 13 to aid in the visual identity of these terms. 


For the designer, there is minimal switching loss during 
storage time and the predominant switching power losses 
occur during the crossover interval and can be obtained 
using the standard equation from AN-222: 

PSWT = 1/2 Vcclc(tc) f 

Typical inductive switching waveforms are shown in 
Figure 14. In general, t rv + tf, — t c . However, at lower 
test currents this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a benchmark 
for designers. However, for designers of high frequency 
converter circuits, the user oriented specifications which 
make this a "SWITCHMODE" transistor are the inductive 
switching speeds (t c and t sv ) which are guaranteed at 
100°C. 
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Designer’s Data Sheet 


SWITCHMODE II SERIES 
NPN SILICON POWER TRANSISTORS 

The MJE1 3070 and MJE1 3071 transistors are designed for high- 
voltage, high-speed, power switching in inductive circuits where fall 
time is critical. They are particularly suited for line-operated switch- 
mode applications such as: 

• Switching Regulators 

• Inverters 

• Solenoid and Relay Drivers 

• Motor Controls 

• Deflection Circuits 
Fast Turn-Off Times 

100 ns Inductive Fall Time @ 25°C (Typ) 

150 ns Inductive Crossover Time @ 25°C (Typ) 

400 ns Inductive Storage Time @ 25°C (Typ) 

Operating Temperature Range -65 to +150°C 

100°C Performance Specified for: 

Reverse-Biased SOA with Inductive Loads 
Switching Times with Inductive Loads 
Saturation Voltages 
Leakage Currents 



5 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

400 AND 450 VOLTS 
80 WATTS 



Designer's Data for 
"Worst Case" Conditions 

The Designer's Data Sheet permits 
the design of most circuits entirely from 
the information presented. Limit data 
— representing device characteristics 
boundaries — are given to facilitate 
"worst case” design. 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE13070 

MJE13071 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

400 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

650 

750 

Vdc 

Emitter Base Voltage 

V EB 

60 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

— Peak (1) 

<CM 

8.0 


Base Current — Continuous 

*B 

2.0 

Adc 

— Peak (1 ) 

*BM 

4.0 


Total Power Dissipation @ Tc = 25°C 

PD 

80 

Watts 

@ T C = 100°C 


32 


Derate above 25°C 


0.64 

W/°C 

Operating and Storage Junction 

Tj- T stg 

-65 to +1 50 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.56 

°C/W 

Maximum Lead Temperature for Soldering 


275 

°c 

Purposes 1 /8" from Case for 5 Seconds 




(1) Pulse Test. Pulse Width = 5 ms. 

Duty Cycle ^ 10%. 





PIN 1 BASE MOTES 

2 COLLECTOR 1 DIMENSION H APPLIES TO ALL LEADS 

3 EMITTER 2 DIMENSION L APPLIES TO LEADS 1 

4 COLLECTOR AN D 3 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15.75 

0 575 

0 620 

B 

9.65 

1029 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0.035 

F 

361 

3 73 

0 142 

0 147 

G 

241 

267 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

12 70 

1427 

0 500 

0 562 

L 

r 1 14 ! 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2.79 

0 080 

0 110 

S 

1.14 

1.39 

0 045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0 00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

Z 

- 

2.03 

- ; 

0.080 


CASE 221A-02 
TO-220AB 


1-903 





MJE13070, MJE13071 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

~~~ Characteristic j Symbol [ Min j Typ | Max j Unit 


OFF CHARACTERISTICS (1) 


Collector-Emitter Sustaining Voltage (Table 1) 

(l C = 1 00 mA, l B = 0) MJE1 3070 

MJE13071 

v CE0(sus) 

400 

450 

- 

- 

Vdc 

Collector Cutoff Current 

'CEV 




mAdc 

(Vcev = Rated Value, Vg E ( 0 ff) =1.5 Vdc) 


— 

— 

0.5 


(Vcev = Rated Value, Vg E ( 0 ff) =1.5 Vdc, Tc = 1 Q0°C) 


— 

— 

2.5 


Collector Cutoff Current 

‘CER 

— 

— 

3.0 

mAdc 

(Vce = Rated VcEV< RBE ~ 50 O, Tc = 100°C) 






Emitter Cutoff Current 

•ebo 

— 

— 

1.0 

mAdc 

(V E g = 6.0 Vdc, lc = 0) 







SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

See Figure 1 2 


Clamped Inductive SOA with Base Reverse Biased 

RBSOA 

See Figure 1 3 



ON CHARACTERISTICS (1 ) 


DC Current Gain 

hFE 

8.0 

_ 

— 

_ 

(l C = 3.0 Adc, V CE = 5.0 Vdc 






Collector-Emitter Saturation Voltage 

v CE(sat) 




Vdc 

(lc = 3.0 Adc, l B = 0.6 Adc) 

— 

— 

1.0 


(lc= 5.0 Adc, lg= 1.0 Adc) 


— 

— 

3.0 


(l C = 3.0 Adc, lg = 0.6 Adc, T c = 1 00°C) 


- 

- 

2.0 


Base-Emitter Saturation Voltage 

v BE(sat) 




Vdc 

(Iq = 3.0 Adc, lg = 0.6 Adc) 

— 

— 

1.5 


(l C = 3.0 Adc, lg = 0.6 Adc, T c = 1 00°C) 


- 

- 

1.5 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

- 

— 

250 

pF 

(V C B = 10 Vdc, l E = 0, f t est = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1) | 

Delay Time 

(V C c = 250 Vdc, l C = 3.0 Adc, 

Igl = 0.4 Adc, tp = 30 jus, 

Duty Cycle s$2%, Vg E ( 0 ff) = 5.0 Vdc) 

t d 

- 

0.03 

0.05 

/US 

Rise Time 

tr 

— 

0.10 

0.40 

Storage Time 

t S 

— 

0.40 

1.50 

Fall Time 

tf 

— 

0.175 

0.50 


Inductive Load, Clamped (Table 1) 


Storage Time 

('C(pk) = 3.0 A, 

Igl = 0.4 Adc, 

VBE(off) = 5.0 Vdc, 
V C E(pk)= 250V) 

(Tj = 100°C) 

tsv 

— 

0.70 

2.0 

/US 

Crossover Time 

*c 

— 

0.28 

0.50 

Fall Time 

tfl 

- 

0.15 

0.30 

Storage Time 

(Tj = 25°C) 

l sv 

— 

0.40 

— 

Crossover Time 

lc 

_ 

0.15 

— 

Fall Time 

tfl 

- 

0.10 

- 


(1 ) Pulse Test: PW - 300 pS, Duty Cycle s$2% 
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TYPICAL ELECTRICAL CHARACTERISTICS 



008 01 0203 05 10 2030 50 80 

l c , COLLECTOR CURRENT (AMPS) 
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l B , BASE CURRENT (AMPS) 


FIGURE 3 - COLLECTOR-EMITTER 
SATURATION VOLTAGE 



FIGURE 4 - BASE-EMITTER VOLTAGE 
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FIGURE 6 — CAPACITANCE 
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TEST CIRCUITS 


MJE13070, MJE13071 



1 

ft' 

) 1N4937 

r <3 

S/ or !! 

1 5 

Equivalent 

L£. 

Vc^np 

i J 


T«*t Equipment 
Scop* — Tektron 


FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS 
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SWITCHING TIMES NOTE 


In resistive switching circuits, rise, fall, and storage 
times have been defined and apply to both current and 
voltage waveforms since they are in phase. However, 
for inductive loads which are common to SWITCHMODE 
power supplies and hammer drivers, current and voltage 
waveforms are not in phase. Therefore, separate measure- 
ments must be made on each waveform to determine 
the total switching time. For this reason, the following 
new terms have been defined. 

t S v = Voltage Storage Time, 90% I b 1 to 10% V c | am p 
t rv = Voltage Rise Time, 10-90% V c | amp 
tfj = Current Fall Time, 90-10% Iq 
tti = Current Tail, 10-2% lc 
t c = Crossover Time, 10% V c | amp to 10% lc 
An enlarged portion of the inductive switching waveforms 


is shown in Figure 7 to aid in the visual identity of these 
terms. 

For the designer, there is minimal switching loss 
during storage time and the predominant switching 
power losses occur during the crossover interval and 
can be obtained using the standard equation from AN-222: 

p swt = 1/2 Vcdc^c^ 

In general, t rv + tfj — t c . However, at lower test currents 
this relationship may not be valid. 

As is common with most switching transistors, resistive 
switching is specified at 25°C and has become a bench- 
mark for designers.* However, for designers of high 
frequency converter circuits, the user oriented specifica- 
tions which make this a "SWITCHMODE" transistor are 
the inductive switching speeds (t c and t sv ) which are 
guaranteed at 100°C. 


INDUCTIVE SWITCHING 



0.5 0 7 1 0 2 0 3 0 5 0 

l C . COLLECTOR CURRENT (AMPS) 



0 5 0 7 1 0 2 0 3.0 5.0 

Iq, COLLECTOR CURRENT (AMPS) 


FIGURE 11 -THERMAL RESPONSE 
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MJE13070, MJE13071 


The Safe Operating Area figures shown in Figures 12 and 13 are 
specified for these devices under the test conditions shown. 


FIGURE 12 - MAXIMUM FORWARD BIAS 
SAFE OPERATING AREA 



5.0 7.0 10 20 30 50 70 100 200 300 450 

Vc E , COLLECTOR — EMITTER VOLTAGE (VOLTS) 

FIGURE 13 - MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 
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Vc£. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 12 is based on Tc = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq > 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 12 may be found 
at any case temperature by using the appropriate curve 
on Figure 14. 

Tj(pk) rnay be calculated from the data in Figure 11. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 


REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneously during turn-off, in 
most cases, with the base to emitter junction reverse 
biased. Under these conditions the collector voltage 
must be held to a safe level at or below a specific value of 
collector current. This can be accomplished by several 
means such as active clamping, RC snubbing, load line 
shaping, etc. The safe level for these devices is specified 
as Reverse Bias Safe Operating Area and represents the 
voltage-current conditions during reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
13 gives RBSOA characteristics. 



TC, CASE TEMPERATURE (°C) 
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MOTOROLA 


NPN PNP 

MJE15028 MJ El 5029 
MJE15030 MJ El 5031 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . designed for use as high-frequency drivers in audio amplifiers. 

DC Current Gain Specified to 4.0 Amperes 
hp£ = 40(Min) @ lc = 3.0 Adc 
= 20(Min) @ lc = 4.0 Adc 
Collector-Emitter Sustaining Voltage — 

VcEO(sus) = 120 Vdc (Min) - MJE15028, MJE15029 
= 150 Vdc (Min) - MJE15030, MJE15031 
High Current Gain — Bandwidth Product 
fy = 30 MHz (Min) @ lc = 500 mAdc 
TO-220AB Compact Package 
TO-66 Leadform Also Available 


8 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 


120-150 VOLTS 
50 WATTS 


MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
- Peak 


Base Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Total Power Dissipation 
@ T a = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


PD 


Pd 


T J' T stg 


MJE 15028 
MJE15029 


MJE 15030 
MJE15031 


- 8 . 0 - 

-16- 


-50 — 
-0.40- 


— 2.0 — 
-0.016- 


Watts 

W/°C 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


Symbol 


R 0JC 


r 0JA 


°C/W 


°c/w 





2. COLLECTOR 
3 EMITTER 
4. COLLECTOR 


DIM 

MILLIMETERS 

INC 

TES 

MIN 

MAX 

MIN 

MAX 

A 

14.60 

15 75 

0 575 

0 620 

B 

9.65 

10.29 

0 380 

0.405 

~C“^ 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0.035 

F 

3 61 

3 73 

0 142 

0.147 

G 

2.41 

2 67 

0 095 

0 105 

H 

2.79 

3 93 

0 110 

0 155 

J 

0.36 

0 56 

0.014 

0 022 

K 

1270 

14.27 

0 500 

0 562 

L 

1 14 

1.39 

0 045 

0 055 

N 

4.83 

5 33 

0.190 

0.210 

Q 

2.54 

3.04 

0.100 

0 120 

R 

2.04 

2.79 

0.080 

0 110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 
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r(t), TRANSIENT Tl 


NPN MJE1 5028, MJE1 5030 
PNP MJE15029, MJE15031 



ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1 ) v CEO( 

(l C = lOmAdc, l B =0) MJE1 5028, MJE1 5029 | 

MJE15030, MJE15031 


Collector Cutoff Current 
(V CE = 120 Vdc,l 8 = 0) 
(V C E = 150 Vdc , \q = 0) 

Collector Cutoff Current 
(V C8 = 120 Vdc, l E = 0) 
<Vqb = 150 Vdc, l E = 0) 


MJE 15028, MJE 15029 
MJE15030, MJE15031 


MJE15028, MJE15029 
MJE 15030, MJE15031 


Emitter Cutoff Current 
(V be = 5.0 Vdc, lc = 0) 

ON CHARACTERISTICS (1) 

DC Current Gain 

(l c = 0.1 Adc, V CE = 2.0 Vdc) 

(l c = 2.0 Adc, V CE = 2.0 Vdc) 

(l c = 3.0 Adc, V CE = 2.0 Vdc) 

(l c = 4.0 Adc. V CE = 2.0 Vdc) 

DC Current Gain Linearity 

(Vce From 2.0V to 20V, Iq From 0.1A to 3A) 

(NPN TO PNP) 

Collector-Emitter Saturation Voltage 
<l c = 1.0 Adc, l B = 0.1 Adc) 

Base-Emitter On Voltage 

(l c = 1.0 Adc, V CE = 2.0 Vdc) 

DYNAMIC CHARACTERISTICS 
Current Gam — Bandwidth Product (2) 

(Iq = 500 mAdc, V CE = 10 Vdc, f test = 10 MHz) 

(1 )Pulse Test' Pulse Width < 300 ms. Duty Cycle < 2 0%. 
<2)1 T = I f e 1 • ftest 


v CE(sat) 

v BE(on) 



FIGURE 2 - THERMAL RESPONSE 



fSINGLE PULSE i— 


OOlU^U I 

0 01 0 02 


READ TIME AT ti 


Tj(pk) - Tc = P(pk) ZflJC(t) 











Ihfg I, SMALL SIGNAL CURRENT GAIN «C. COLLECTOR CURRENT (AMP) l c COLLECTOR CURRENT (AMP) 


NPN MJE1 5028, MJE1 5030 
PIMP MJE15029, MJE15031 


FIGURE 3 - FORWARD BIAS 
SAFE OPERATING AREA 



FIGURE 4 - REVERSE-BIAS SWITCHING 
SAFE OPERATING AREA 
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VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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f, FREQUENCY, MHz 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figures 3 and 4 is based on Tj(pk) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj^) < 150°C. Tj(p|<) 
may be calculated from the data in Figure 2. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 



1.5 3.0 5.0 7.0 10 30 50 100 150 

Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 7 - CURRENT GAIN-BANDWIDTH PRODUCT 
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1C, COLLECTOR CURRENT (AMP) 
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NPN MJE1 5028, MJE1 5030 
PNP MJE15029, MJE15031 


1.3 


FIGURE 8 - D 

NPN - MJE15028 MJE15030 



0.1 0.2 0.5 1.0 2.0 5.0 10 

1C, COLLECTOR CURRENT (AMP} 

FIGURE 9 - 


NPN 
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1C, COLLECTOR CURRENT (AMP) 


t,TIME (ms) V, VOLTAGE (VOLTS) : hFE, DC CURRENT GAIN 


CURRENT GAIN 


PNP - MJE15029 MJE15031 
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1C, COLLECTOR CURRENT (AMP) 


/OLTAGE 
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Iq, COLLECTOR CURRENT (AMP) 
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1C, COLLECTOR CURRENT (AMP) 














(M) MOTOROLA 




MJE16002 
MJE16004 
MJH 16002 
MJH16004 


Designer’s Data Sheet 


SWITCHMODE III SERIES 
NPN SILICON POWER TRANSISTORS 

Thesetransistorsaredesignedfor high-voltage, high-speed 
switching of inductive circuits where fall time and RBSOA are 
critical. They are particularly well-suited for line-operated switch- 
mode applications. 

The MJE16004 and MJH16004 are high-gain versions of the 
MJE16002 and MJH16002 for applications where drive current 
is limited. 

Typical Applications: 

• Switching Regulators 

• High Resolution Deflection Circuits 

• Inverters 

• Motor Drives 

• Fast Switching Speeds 

50 ns Inductive Fall Time @ 75°C (Typ) 

70 ns Crossover Time @ 75°C (Typ) 

• 100°C Performance Specified for: 

Reverse-Biased SOA 
Inductive Switching Times 
Saturation Voltages 
Leakage Currents 


MAXIMUM RATINGS 


Rating 

Symbol 

MJE16002 

MJE16004 

MJH16002 

MJH16004 

Unit 

Collector-Emitter Voltage 

v CEO(sus) 

450 

Vdc 

Collector-Emitter Voltage 

V CEV 

850 

Vdc 

Emitter-Base Voltage 

Veb 

6.0 

Vdc 

Collector Current — Continuous 

•c 

5.0 

Adc 

— Peak (1 ) 

•cm 

10 


Base Current — Continuous 

•b 

4.0 

Adc 

— Peak (1 ) 

•bm 

8 

0 


Total Power Dissipation @ Tc = 25°C 

Pd 

80 

100 

Watts 

@ T c = 1 00°C 


32 

40 


Derate above Tc = 25°C 


0.64 

0.8 

W/°C 

Operating and Storage Junction 

Tj' T stg 

-65 to +150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.56 | 1.25 

°C/W 

Lead Temperature for Soldering 
Purposes: 1 /8" from Case for 

5 Seconds 

Tl 

275 

°c 


(1) Pulse Test: Pulse Width = 5 ms. Duty Cycle < 10%. 


Designer’s Data for "Worst Case" Conditions 

The Designer's Data Sheet permits the design of most circuits entirely from the infor- 
mation presented. Limit data — representing device characteristics boundaries — are 
given to facilitate "worst case" design. 


5.0 AMPERE 

NPN SILICON 
POWER TRANSISTORS 

450 VOLTS 
80 and 100 WATTS 


STYLE 1 

PIN 1 BASE 

2 COLLECTOR 

3. EMITTER 

4. COLLECTOR 



CASE 221A-02 
TO-220AB 


MJH16002 

MJH16004 



CASE 340-01 
TO-218AC 



1. BASE 

2. COLLECTOR 
3 EMITTER 






li 
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MJE16002, MJE16004, MJH16002, MJH16004 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Typ | Max | Unit 


OFF CHARACTERISTICS (1 ) 


Collector-Emitter Sustaining Voltage (Table 2) 

(l C = 100 mA, l B = 0) 

v CE0(sus) 

450 

— 

— 

Vdc 

Collector Cutoff Current 
(V C EV = 850 Vdc, V BE (off) = 1 5 Vdc) 

(V C EV = 850 Vdc. V BE(of f, = 1 .5 Vdc, T c = 1 00°C) 

'CEV 

- 

- 

0.25 

1.5 

mAdc 

Collector Cutoff Current 
(V CE = 850 Vdc, R BE = 50 0. T C = 1 00°C) 

'CER 

— 

— 

2.5 

mAdc 

Emitter Cutoff Current 
(V EB = 6.0Vdc, l C = 0) 

>EB0 

— 

— 

1.0 

mAdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

'S/b 


See Figure 1 7 or 1 8 

Clamped Inductive SOA with Base Reverse Biased 

RBSOA 


See Figure 19 


ON CHARACTERISTICS (1) 


Collector-Emitter Saturation Voltage 


v CE(sat) 




Vdc 

(l c = 1 .5 Adc, l B = 0.2 Adc) 

MJE1 6002/M JH1 6002 


— 

— 

1.0 


(l C = 1.5 Adc, l B = 0.1 5 Adc) 

MJE16004/MJH 16004 


_ 

— 

1.0 


(lc = 3.0 Adc, l B = 0.4 Adc) 

MJE16002/MJH 16002 


— 

— 

2.5 


(l C = 3.0 Adc, l B = 0.3 Adc) 

MJE1 6004/MJH1 6004 


— 

— 

2.5 


(lc = 3.0 Adc, l B = 0.4 Adc, 







T c = 100°C) 

MJE16002/MJH1 6002 


— 

— 

2.5 


(l C = 3.0 Adc, l B = 0.3 Adc, 







T c = 100°C) 

MJE16004/MJH 16004 


— 

— 

2.5 


Base-Emitter Saturation Voltage 


v BE(sat) 




Vdc 

(lc = 3.0 Adc, l B = 0.4 Adc) 

MJE16002/MJH16002 


— 

— 

1.5 


(l C = 3.0 Adc, i B = 0.3 Adc) 

MJE1 6004/M JH1 6004 


— 

— 

1.5 


(l c = 3.0 Adc, l B = 0.4 Adc, 







T c = 100°C) 

MJE1 6002/M JH1 6002 


— 

— 

1.5 


dC = 3.0 Adc, l B = 0.3 Adc, 







T C = 100°C) 

MJE16004/MJH 16004 


— 

— 

1.5 


DC Current Gain 


h FE 




— 

(1C = 5.0 Adc, V C E = 5.0 Vdc) 

MJE1 6002/M JH1 6002 


5.0 

— 

— 



MJE1 6004/MJH1 6004 


7.0 

— 

- 



DYNAMIC CHARACTERISTICS 


Output Capacitance 

c ob 

— 

— 

200 

pF 

(V CB = 10 Vdc, l E = 0, ftest = 1 0 kHz) 







SWITCHING CHARACTERISTICS 


Resistive Load (Table 1 ) MJE1 6002/ MJH 16002 | 

Delay Time 

(l C = 3.0 Adc, 

V CC = 250 Vdc, 

*B1 = 0.4 Adc, 

PW = 30 fis. 

Duty Cycle <2.0%) 

(*B2 = 0.8 Adc, 

R B 2 = 8.0 Cl) 

td 

— 

30 

100 

ns 

Rise Time 

t r 

— 

100 

300 

Storage Time 

is 

— 

1000 

3000 

Fall Time 

tf 

— 

60 

300 

Storage Time 

< v BE(off) = 5.0 Vdc) 

t S 

— 

400 

— 

Fall Time 

tf 

- 

130 

- 

Resistive Load (Table 1 ) M J El 6004/ M J H 1 6004 | 

Delay Time 

(l C = 3.0 Adc, 

V C c = 250 Vdc, 

I B 1 = 0.3 Adc, 

PW = 30 M s, 

Duty Cycle <2.0%) 

(l B2 = 0.6 Adc, 

R B2 = 8.on) 

td 

— 

30 

100 

ns 

Rise Time 

tr 

— 

130 

300 

Storage Time 

ts 

— 

800 

2700 

Fall Time 

tf 

— 

80 

350 

Storage Time 

(VBE(off)=5.0Vdc) 

ts 

— 

250 

— 

Fall Time 

tf 



60 

— 


(1 ) Pulse Test: PW - 300 ms, Duty Cycle <2%. 
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V CE . COLLECTOR-EMITTER VOLTAGE (VOLTS) ^ h FE , OC CURRENT GAIN 


MJE16002, MJE16004, MJH16002, MJH16004 


SWITCHING CHARACTERISTICS (continued) 


Characteristics | Symbol | Min | Typ | Max | Unit 

Inductive Load (Table 2) MJE1 6002/M JH 16002 

Storage Time 

(l C = 3.0 Adc. 

*B1 = 0-4 Adc, 
v BE(off) = 5.0 Vdc, 
V C E(pk) = 400Vdc) 

(Tj = 100°C) 

tsv 

— 

500 

1600 

ns 

Fall Time 

tfi 

— 

100 

200 

Crossover Time 

tc 

— 

120 

250 

Storage Time 

(Tj = 1 50°C) 

tsv 

— 

600 


Fall Time 

tfi 

— 

120 


Crossover Time 

t c 

- 

160 

_ 

Inductive Load (Table 2) MJE16004/MJH16004 j 

Storage Time 

(l C = 3.0 Adc, 

Ijji = 0.3 Adc, 

v BE(off) = 5 0 v dc, 

v CE(pk) = 40° Vdc) 

(Tj = 100°C) 

tsv 

— 

400 

1300 

ns 

Fall Time 

tfi 

— 

80 

150 

Crossover Time 

tc 

— 

90 

200 

Storage Time 

(Tj = 1 50° C) 

tsv 

— 

450 

— 

Fall Time 

tfi 

— 

100 

— 

Crossover Time 

tc 

- 

110 

- 


(1 ) Pulse Test. PW - 300 ns, Duty Cycle s£2%. 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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3 - COLLECTOR EMITTER SATURATION VOLTAGE 
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MJE16002, MJE1 6004, MJH16002, MJH16004 


TYPICAL STATIC CHARACTERISTICS (continued) 



-0.4 -0.2 0 +0.2 +0.4 +0.6 

VBE. BASE EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - CAPACITANCE 



TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 7 - STORAGE TIME 



FIGURE 8 - STORAGE TIME 
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FIGURE 9 - COLLECTOR CURRENT FALL TIME FIGURE 1 0 - COLLECTOR CURRENT FALL TIME 
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r(t>. TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


MJE16002, MJE16004, MJH16002, MJH16004 


TYPICAL DYNAMIC CHARACTERISTICS (continued) 


FIGURE 11 - CROSSOVER TIME 
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TYPICAL ELECTRICAL CHARACTERISTICS 



TIME 



VBE(off)' REVERSE BASE VOLTAGE (VOLTS) 


FIGURE 15 - THERMAL RESPONSE (MJE16002 and MJE16004) 
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MJE16002, MJE16004, MJH16002, MJH16004 









MJE16002. MJE16004, MJH16002, MJH16004 

j 

I 


1.3 


SAFE OPERATING AREA INFORMATION 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq — Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figures 1 7 and 1 8 are based on Tq = 25°C; 
Tj(pk) ' s variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 10% 
but must be derated when Tq> 25°C. Second breakdown 
limitations do not derate the same as thermal limitations. 
Allowable current at the voltages shown on Figures 1 7 
and 1 8 may be found at any case temperature by using 
the appropriate curve on Figure 20. 

Tj(pk) ma Y be calculated from the data in Figures 1 5 or 
16. At high case temperatures, thermal limitations will 


reduce the power that can be handled to values less than 
the limitations imposed by second breakdown. 

REVERSE BIAS 

For inductive loads, high voltage and high current 
must be sustained simultaneous! during turn-off, in most 
cases, with the base-to-emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage-cur- 
rent condition allowable putting reverse biased turn-off. 
This rating is verified under clamped conditions so that 
the device is never subjected to an avalanche mode. Figure 
1 9 gives the RBSOA characteristics. 
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MJE16002, MJ El 6004, MJH16002, MJH16004 


1.3 


TABLE 2 - INDUCTIVE LOAD SWITCHING 



V CC = 20 Volts V C C = 20 Volts V cc = 20 Volts 

Rbi selected for desired Iq f Rgi selected for desired Igi 


Tektronix Scope - Tektronix 

P-6042 or 7403 or 

Equivalent Equivalent Note: Adjust -V to obtain desired VBE(off) at Point A. 


TYPICAL INDUCTIVE SWITCHING WAVEFORMS 

*fi> *c 



*C(pk) = 3 0 Amps 
|01 = 0.3 Amp 
v BE(off) = 5 0 Volts 
v CE(pk) = 300 Vo,ts 
T C = 25°C 
Time Base = 

20 ns/cm 

'C(pk) = 3 0 Amps 
lB1 = 0.3 Amp 
v BE(off)= 5 0 Volts 
v CE(pk) = 300 Volts 
T C = 25°C 
Time Base = 

20 ns/cm 
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(M) MOTOROLA 


MPS-U01 

MPS-U01A 


NPN SILICON ANNULAR TRANSISTORS 

. . . designed for complementary symmetry audio circuits to 10 
Watts output. 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = °-5 Vdc (Max) @ lc = 1.0 Adc 

• Complements to PNP MPS-U51 and MPS-U51 A 

• Uniwatt Package for Excellent Thermal Properties — 

1.0 Watt @Ta = 25°C 


iMAXIMUM RATINGS 

Rating 

Symbol 

MPS-U01 | MPS-U01 A | 

Unit 

Collector-Emitter Voltage 

v CEO 

o 

sf 

O 

00 

Vdc 

Collector-Base Voltage 

V CB 

40 | 50 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 

Vdc 

Collector Current — Continuous 

>C 

2.0 

Adc 

Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Pd 

1.0 

8.0 

Watt 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25° C 

P D 

10 

80 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T jT s tg 

-55 to + 1 50 

°C 


THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 1 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 


Thermal Resistance, Junction to Ambient 

r 0JA(1) 

125 

°C/W 


(1) R$ ja is measured with the device soldered into a typical printed circuit board. 

Uniwatt packages can be To-5 lead formed by adding -5 to the device title and tab formed for 
flush mounting by adding -1 to the device title. 
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Ic, COLLECTOR CURRENT (AMP) 


MPS-U01,MPS-U01A 


ELECTRICAL CHARACTERISTICS (T/^ -= 25°C unless Otherwise noted) 

Characteristic 1 Symbol T~ Min ”T Max | Unit" 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (D 
(IC = 10 mAdc. I B = 0) 

MPS-U01 
MPS-U01 A 

bv C eo 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l C = 100 MAdc, l E = 0) 

MPS-U01 
MPS-U01 A 

bvcbo 

40 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, Ic = 0) 

bvebo 

50 

- 

Vdc 

Collector Cutoff Current 
(Vcb = 30 Vdc, l£ = 0) 

MPS-U01 

'CBO 

_ 

0.1 

MAdc 

(V CB = 40 Vdc, l E = 0) 

MPS-U01 A 


- 

0.1 


Emitter Cutoff Current 
(V B e = 30 Vdc, l C = 0) 

'EBO 

- 

0.1 

MAdc 


ON CHARACTERISTICSO) 


DC Current Gain 

(lC = 10 mAdc, Vce = 1 0 Vdc) 

(lC = 100 mAdc, Vce - 10 Vdc) 

0c = i o Adc, v C e = i o vdc) 

h FE 

55 

60 

50 

- 


Collector-Emitter Saturation Voltage 
(lC = 10 Adc, l B = 0.1 Adc) 

v CE(sat) 


05 

Vdc 

Base-Emitter On Voltage 

(lC = 1 -0 Adc, V C E = 1 -0 Vdc) 

v BE(on) 

i 

- 

1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(l C = 50 mAdc, V C E = 10 Vdc, f = 20 MHz) 

fT 

50 

- 

MHz 

Output Capacitance 

(V C b = 10 Vdc - Ie = 0, f = 1 0 MHz) 

'-'ob 

- 

20 

PF 


(l)Pulse Test. Pulse Width <300 ms. Duty Cycle< 2 0% 


FIGURE 1 - DC CURRENT GAIN 



10 20 50 100 200 500 1000 



10 20 30 50 100 200 300 500 1000 


IC, COLLECTOR CURRENT (mA) IC, COLLECTOR CURRENT (mA) 

FIGURE 3 - DC SAFE OPERATING AREA 



2.0 4.0 6.0 10 20 40 

VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a tran- 
sistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc — ^CE limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj( p |<) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by secondary breakdown. 
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MPS -U02 




MOTOROLA 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 

. , . designed for general-purpose, high-voltage amplifier and 
driver applications. 

• High Power Dissipation — Pd = 10W@Tc = 25°C 


• Complement to PNP MPS-U52 

MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Collector- Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*c 

800 

mAdc 

Total Power Dissipation @ T A = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/'C 

Total Power Dissipation® T^ = 25°C 

P D 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J’ T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R »JC 

12.5 

°c/w 

Thermal Resistance, Junction to Ambient 

r «ja 

125 

°c/w 


NPN SILICON 
AMPLIFIER TRANSISTOR 



ELECTRICAL CHARACTERISTICS (T a = 25*C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(Ij, = 1. 0 mAdc, Ig = 0) 

bv ceo 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(I c =100pAdc, I E = 0) 

bv cbo 

60 

- 

Vdc 

Collector Cutoff Current 
(V CB . 40 Vdc, 1 E • 0) 

! cbo 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain 
(l c = 10 mAdc, V CE = 10 Vdc) 

(I c = 150 mAdc, V CE = 10 Vdc) 

(l c = 500 mAdc, V C£ = 10 Vdc) 

h FE 

50 

50 

30 

300 


Collector-Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 

V CE(sat) 

- 

0. 4 

Vdc 

Base-Emitter Saturation Voltage 
(I c = 150 mAdc, Ig = 15 mAdc) 

V BE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(I c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz) 

f T 

100 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I E = 0, f = 100 kHz) 

C ob 

- 

20 

pF 



STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 
(COLLECTOR CONNECTED 
TO TAB) 


DIM 

MILLIMETERS 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

nr 1 

5.41 

5.66 

0.213 

0.223 

0 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 

BSC 

0.100 BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 


ttdti M 



1.005 

mm 

■02] 


■EEC 

OBSC 




EMI 

0.106 

mm 


1.40 

0.045 

0.055 


CASE 152-02 
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MOTOROLA 


MPS-U03 
MRS -1)04 


NPN SILICON ANNULAR 
HIGH VOLTAGE AMPLIFIER TRANSISTORS 


. . . designed for horizontal drive applications, high-voltage linear 
amplifiers, and high-voltage transistor regulators. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 180 Vdc (Min) @ Iq = 1 mAdc - MPS-U04 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 0.5 Vdc (Max) @ lc = 200 mAdc 


High Power Dissipation — 
PD = 10W@Tc = 25°C 


NPN SILICON 
AMPLIFIER 
TRANSISTORS 



MAXIMUM RATINGS 

Rating 

Symbol 

MPS-U03 

MPS-U04 

Unit 

Collector-Emitter Voltage 

v CEO 

120 

180 

Vdc 

Collector-Base Voltage 

V CB 

120 

180 

Vdc 

Emitter-Base Voltage 

< 

m 

CXI 

5 

Vdc 

Collector Current 

•c 

1 

Adc 

Total Power Dissipation @ T^ = 25°C 

PD 

1 

Watts 

Derate Above 25°C 


8 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate Above 25°C 

80 

mW/°C 

Operating and Storage Junction 

T J« T stg 

-55 to +150 

°C 

Temperature Range 




Solder Temperature, 1/16" From Case 

- 

260 

°C 

for 10 Seconds 






THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


Symbol 


r 0JA 


R 0JC 


12.5 


°c/w 
°c/w " 



D 


2. BASE 

3. COLLECTOR 
(COLLECTOR CONNECTED 
TO TAB) 


EH 

cm 

urea 

■HZRnml 

■AM 

EH9 

■tom 

mi 






K 



■MU 

MTU 

» 



EHFl 

HnlMI 




■ng 


u 

fH 


■•Mil 

■mi 

mm 


TOE 


mm 

*!!■ 

ESDI 

■tim 


mm 

msm 

KZB 

■iTifU 

■min 

n 

irl'f 

ran 






■Tin 

■trig 

u 

1 1 1 1 

WEEK 

mm 




■0E7I1 

OE3 

mm 

MM 

■HM 


M53 
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MPS-U03, MPS-U04 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


bv C eo 



Vdc 

(l c = 1.0 mAdc, l B =0) 

MPS-U03 



- 



MPS-U04 



- 


Collector-Base Breakdown Voltage 





Vdc 

( Iq = 100 MAdc, l E = 0) 

MPS-U03 



- 



MPS-U04 



- 


Emitter-Base Breakdown Voltage 


bv ebo 

5.0 

- 

Vdc 

(l E = 100 MAdc, l c =0) 






Collector Cutoff Current 


>CBO 




(Vcb * 100 Vdc, Ig =0) 

MPS-U03 


- 

0.1 


(V CB = 150 Vdc, l E = 0) 

MPS-U04 


- 

0.1 



ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 10 mAdc, V CE = 10 Vdc) 

hpE 


- 

- 

Collector-Emitter Saturation Voltage 

0c = 200 mAdc, l B = 20 mAdc) 

v CE(sat) 


0.5 

Vdc 

Base-Emitter On Voltage 

(l c = 200 mAdc, V CE = 1 .0 Vdc) 

v BE(on) 


1.0 



DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(IC = 50 mAdc, V CE = 20 Vdc, f = 20 MHz) 

f T 

35 

- 

MHz 

Output Capacitance 

<V CB - 10 Vdc, l E =0, f = 100 kHz) 

Cob 

— 

12 

pF 

Input Capacitance 

(V BE = 0.5 Vdc, lc = 0, f = 100 kHz) 

Cjb 

~ 

110 

PF 


(1) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2.0%. 


TYPICAL CHARACTERISTICS 



IC, COLLECTOR CURRENT (mA) 


FIGURE 2 - CAPACITANCE 
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lc. COLLECTOR CURRENT (mA) VcE. COLLECTOR EMITTER VOLTAGE (VOLTS) h FE, DC CURRENT GAIN 


MPS-U03, MPS-U04 


TYPICAL CHARACTE 


FIGURE 3 - DC CURRENT GAIN 




0 1 0 2 0 3 0 5 0 7 1.0 2 0 3 0 5 0 7 0 10 20 30 50 70 100 

IB. BASE CURRENT (mA) 


FIGURE 7 - COLLECTOR CHARACTERISTICS 



VcE, COLLECTOR EMITTER VOLTAGE (VOLTS) 


0v. TEMPERATURE COEFFICIENTS <mV/°C) 


(Continued) 



0 5 1.0 2 0 5 0 10 20 50 100 200 500 

1C. COLLECTOR CURRENT (mA) 


1.3 



0.2 0.5 1 0 2 0 5.0 10 20 50 100 200 

1C, COLLECTOR CURRENT (mA) 


FIGURE 8 - COLLECTOR CUTOFF REGION 



Vbe, BASE EMITTER VOLTAGE (VOLTS) 







MPS-U03, MPS-U04 


TYPICAL CHARACTERISTICS (Continued) 

FIGURE 9 - THERMAL RESPONSE 



FIGURE 10 - ACTIVE REGION SAFE OPERATING AREA 



Thermal Limit Single Pulse l 

Second Breakdown Limit 

(Applies Below Rated Vqeq) 

_J J — I — LL-LLi I L_I 

3 5 7 10 20 30 50 70 100 200 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate lc~VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 10 is based on Tq = 25°C; Tj( p |<) 
is variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when Tq ^ 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. Allowable 
current at the voltages shown on Figure 10 may be found 
at any case temperature by using the appropriate curve on 
Figure 1 1. 

Tj(pk) may be calculated from the data in Figure 9. 
At high case temperatures, thermal limitations will reduce 
the power that can be handled to values less than the 
limitations imposed by second breakdown. 



0 20 40 60 80 100 120 140 160 

Tc, CASE TEMPERATURE (°C) 
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(M) MOTOROLA 


MPS-U05 

MPS-U06 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage - 

BVqeo = 60 Vdc (Min) @ \q = 1 -0 mAdc - MPS-U05 
80 Vdc (Min) @ \q = 1.0 mAdc - MPS-U06 

• High Power Dissipation — Pp = 10 W @ Tq = 25°C 

• Complements to PNP MPS-U55 and MPS-U56 


MAXIMUM RATINGS 


Rating 

Symbol 

MPS-U05 

MPS-U06 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

>C 

2.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

T J< T stg 

-55 to +150 

°C 

Temperature Range 






THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

125 

°C/W 


NPN SILICON 

AMPLIFIER TRANSISTORS 






■DZBSSEI 

■sm 

wjwm 



■9 

El 

■PI 




WMM 

EBB 



mm 

■n 

EBB 

MAM 

■imi 

KB 

■EB 

in 


■Ml 

■31 

1IM 



■XMl 

mm 

■£23 

mm 

■n 

kb 


DM 


Bill.i-I 

BEfl 


iiMIM 

■HO 

■un 

MM 

mm 


■EBi 

■Muii 

mm 



■EH 

■M3 

mm 

■Eoa 

QHBi 

■UMi'Maii 

■31 


WMM 

■Em 

msm 

mm 


msm 

KDG3 

■<1^1 


CASE 152-02 
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MPS-U05, MPS-U06 


ELECTRICAL CHARACTERISTICS Oa = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 


BV CEO 




Vdc 

(1C = 1.0 mAdc, 1 b = °) 

MPS-U05 


60 

- 

- 



MPS-U06 


80 

- 

- 


Emitter-Base Breakdown Voltage 


BVebO 

4.0 

- 

- 

Vdc 

(l E = 100 juAdc, 1 C — 0) 







Collector Cutoff Current 


<CBO 




nAdc 

(V CB = 40 Vdc, l E = 0) 

MPS-U05 


- 

- 

100 


(V C g = 60 Vdc, l E = 0) 

MPS-U06 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1) 

(l C - 50 mAdc, Vq E = 1.0 Vdc) 

(1C = 250 mAdc, Vqe = 10 Vdc) 

Oc = 500 mAdc, Vce = 1.0 Vdc) 

hFE 

80 

60 

125 

100 

55 

- 


Collector-Emitter Saturation Voltaged) 

VCE (sat) 




Vdc 

Oc = 250 mAdc, lg = 10 mAdc) 


- 

0.18 

0.4 


(l C = 250 mAdc, lg = 25 mAdc) 


- 

0.1 

- 


Base-Emitter On Voltage (1) 

v BE(on) 

- 

0.74 

1.2 

Vdc 

(l c = 250 mAdc, V C e = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l C = 250 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

IT 

50 

150 

- 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 

- 

6.0 

12 

pF 


(l)Pulse Test: Pulse Width <300 jus, Duty Cycle <2.0%. 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - “ON" VOLTAGES 




FIGURE 3 - DC SAFE OPERATING AREA 



VCE. 'COLLECTOR-EMITTER VOLTAGE (VOLTS! 


There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


FIGURE 4 - CURRENT GAIN-BANDWIDTH PRODUCT 



The data of Figure 3 is based on Tjfpk) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second! breakdown. 
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MPS - U07 




MOTOROLA 


NPN SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


High Collector-Emitter Breakdown Voltage — 
BVcEO = 100 Vdc (Min) @ Iq = 1.0 mAdc 

High Power Dissipation — P[) = 10 W @ Tq = 25°C 


Complement to PNP MPS-U57 


NPN SILICON 
AMPLIFIER TRANSISTOR 



MAXIMUM RATINGS 

Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

100 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

<C 

2.0 

Adc 

Total Power Dissipaton . @ = 25°C 

p D 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Total Power Dissipaton @ Tq = 25°C 

p D 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

T J» T stg 

-55 to +150 

°C 

Temperature Range 





THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

125 

°C/W 



A 

f— B- 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 

BSC 

0.100 BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08 BSC 

0.200 BSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


CASE 152-02 
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MPS-U07 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage H) 

<l c =1.0 mAdc, l B = 0) 

BVCEO 

100 

- 

— 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100/xAdc, lc = 0) 

BV EBO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
<V CB = 80 Vdc, l E = 0) 

*CBO 

- 

- 

100 

nAdc 


ON CHARACTERISTICS 


DC Current Gain (1) 

0c = 50 mAdc, Vce = 10 Vdc) 

(l C = 250 mAdc, V C e = 1-0 Vdc) 

Oc ~ 500 mAdc, Vce = 1-0 Vdc) 

h FE 

60 

30 

110 

65 

33 

_ 


Collector-Emitter Saturation Voltage (1) 

VCE (sat) 




Vdc 

0c = 250 mAdc, l B = 10 mAdc) 


- 

0.18 

0.4 


0 C = 250 mAdc, 1 B = 25 mAdc) 


- 

0.1 

- 


Base-Emitter On Voltage (1) 

v BE(on) 


0.76 

1.2 

Vdc 

0 C = 250 mAdc, V C E = 5 0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (D 
(IC = 250 mAdc, V C E = 5.0 Vdc, f = 100 MHz) 

fT 

50 

150 

- 

MHz 

Output Capacitance 
(V C b = 10 Vdc, l E = 0, f = 100 kHz) 

c ob 


6.0 

12 

PF 


(1 )pulse Test: Pulse Width < 300 ns, Duty Cycle < 2.0%. 


FIGURE 1 - DC CURRENT GAIN 




IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - DC SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc — Vce limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 



The data of Figure 3 is based on Tj(p|<) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown . 
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MOTOROLA 


NIPS - U10 


NPN SILICON ANNULAR TRANSISTOR 


. . . designed for high-voltage video and luminance output stages in 
TV receivers. 


High Collector-Emitter Breakdown Voltage — 
BVcEO = 300 Vdc (Min) @ l C = TO mAdc 

Low Collector-Emitter Saturation Voltage — 
VcE(sat) = 0.75 Vdc (Max) @ lc = 30 mAdc 
Low Collector-Base Capacitance — 

C c b ~ 3.0 pF (Max) @ V C B = 20 Vdc 


NPN SILICON 
HIGH VOLTAGE 
AMPLIFIER 
TRANSISTOR 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Collector-Base Voltage 

V CB 

300 

Vdc 

Emitter-Base Voltage 

V EB 

J 6.0 

Vdc 

Collector Current — Continuous 

>C 

0.5 

Adc 

Total Power Dissipation @ = 25°C 

PD 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

PD 

10 

Watts 

Derate above 25°C 

80 

mW/°C 

Operating and Storage Junction Temperature Range 

TjTstg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R ejc 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

R 6>JA(1) 

125 

°c/w 

(1) R$ja ' s measured with the device soldered into a typical printed circuit board. 
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MPS-U10 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristics | 

Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(1C “ 10 mAdc, 1 b = 0) 

BVCEO 

300 

- 

Vdc 

Collector-Base Breakdown Voltage 

OC = 100 MAdc. I E = 0) 

BVcbO 

300 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 MAdc, l C = 0) 

1 

6.0 

- 

Vdc 

Collector Cutoff Current 
(V C b = 200 Vdc, l E = 0) 

1 1 

~ 

0.2 


Emitter Cutoff Current 
(V BE =6.0 Vdc, l c = 0) 

•ebo 

— 

0.1 

MAdc 

ON CHARACTERISTICS 

DC Current Gain 

OC =10 mAdc, Vq E = 10 Vdc) 

hpE 

25 

_ 

- 

(l C = 10 mAdc, V C E = 10 Vdc) 


40 

- 


(lC = 30 mAdc, V C E = 10 Vdc) 


40 

- 


Collector-Emitter Saturation Voltage 
(lC = 30 mAdc, lg = 3.0 mAdc) 

v CE(sat) 


0.75 

Vdc 

Base-Emitter On Voltage 
(l C = 30 mAdc, V C E = 10 Vdc) 

v BE(on) 


0.85 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l C = 10 mAdc, V CE = 20 Vdc, f = 100 MHz) 

*T 

45 

- 

MHz 

Co Hector- Base Capacitance 
(V C b = 20 Vdc, l E = 0. f = 1.0 MHz) 

^cb 

- 

3.0 

pF 


(l)Pulse Test: Pulse Width ^£300 fis, Duty Cycled 2%. 


FIGURE 1 -DC SAFE OPERATING AREA 



The Safe Operating Area Curves indicate lc~VCE ,imits below 
which the device will not enter second breakdown. Collector 
load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Tj, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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MPS-U31 



MOTOROLA 


NPN SILICON ANNULAR RF TRANSISTOR 

. . . designed for use in Citizen- Band and other high-frequency com- 
munications equipment operating to 30 MHz. Higher breakdown 
voltages allow a high percentage of up-modulation in AM circuits. 
This device is designed to be used with the MPS8000 driver and the 
MPS8001 RF oscillator. 

• Output Power = 3.5 W {Min} @ Vcc = 1 3.6 Vdc 

• Power Gain = 1 1.5 dB (Min) 

• High Collector-Emitter Breakdown Voltage — 

BV C ES>65 Vdc 

• DC Current Gain — 

Linear to 500 mAdc 


3.5 W - 27 MHz 

RF POWER OUTPUT 
TRANSISTOR 

NPN SILICON 



MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CES 

65 

Vdc 

Emitter-Base Voltage 

V EB 

3.0 

Vdc 

Collector Current - Continuous 

'c 

500 

mAdc 

Total Power Dissipation @ T A = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq * 25°C 

Pd 

10 

Watt 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

T J> T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JA 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA(1) 

125 

°c/w 

(1) R 0Ja is measured with the device soldered into a typical printed circuit board. 
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MPS-U31 


ELECTRICAL CHARACTERISTICS (T/y = 25°C unless otherwise noted.) 

Characteristic | Symbol | Min [ Typ [ Max j Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 

Oc = 150 mAdc, Vg E = 0) 

bv C es 

65 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 1.0 mAdc, lc = 0) 

bv EBO 

3.0 

- 

~ 

Vdc 

Collector Cutoff Current 
(V CB = 50 Vdc, l E = 0) 

*CBO 

- 

- 

0.01 

mAdc 


ON CHARACTERISTICS 


DC Current Gain (2) 

hpE 

10 

_ 

- 

_ 

(l C = 100 mAdc, V CE = 10 Vdc) 







DYNAMIC CHARACTERISTICS 


Output Capacitance 

Cob 

_ 

_ 

40 

pF 

(V CB = 12 Vdc, l E = 0, f = 1.0 MHz) 







FUNCTIONAL TEST (Figure 1) 


Common-Emitter Amplifier Power Gain 

(P out = 3.5 W, V C C = 13.6 Vdc, f = 27 MHz) 

Gpe 

11.5 

- 

- 

dB 

Output Power 

(P jn = 250 mW, V cc = 13.6 Vdc, f = 27 MHz) 

p out 

3.5 

- 

- 

Watts 

Collector Efficiency (3) 

(P out = 3.5 W, V CC = 13.6 Vdc, f = 27 MHz) 

TJ 

- 

70 

- 

% 

Percentage Up-Modulation (4) 

(f = 27 MHz) 


- 

85 


% 


(1 ) Pulsed thru a 25 mH Inductor 

(2) Pulse Test: Pulse Width ^300 ms. 

Duty Cycle ^2.0%. 


(3) t? = 


Pout 

(Vcc> ('c) 


100 


(4) Percentage Up-Modulation is measured in the test circuit 
(Figure 1) by setting the Carrier Power (P c ) to 3.5 Watts with 
Vcc = 13.6 Vdc and noting the power input. Then the Peak 
Envelope Power (PEP) is noted after doubling the original power 
input to simulate driver modulation (at a 25% duty cycle for therm- 
al considerations) and raising the Vcc to 25 Vdc (to simulate the 
modulating voltage). Percentage Up-Modulation is then determined 
by the relation: 


Percentage Up-Modulation = 




• 100 


FIGURE 1 - 27 MHz TEST CIRCUIT 



C6 


-O 


Vcc 

13.6 Vdc 


OUTPUT 

-£K 


Cl, C2 9.0-180 pF ARC0 463 or Equivalent 
C3, C4 5.0-80 pF ARC0 462 or Equivalent 
C5 0.02 iuf Ceramic Disc 
C6 0.1 uF Ceramic Disc 
RFC1 4 Turns # 30 Enameled Wire Wound on 

Ferroxcube Bead Type 56-590-65/38 

RFC2 26 Turns #22 Enameled Wire (2 Layers - 
13 Turns Each Layer) %" Inner Diameter 
LI 0.22 pH Molded Choke 

L2 0.68 uH Molded Choke 
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(M) MOTOROLA 


NPN SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

. . . designed for amplifier and driver applications. 

• High DC Current Gain — 

hpE = 25,000 (Min) @ Iq = 200 mAdc 
15,000 (Min) @ Iq = 500 mAdc 

• Collector-Emitter Breakdown Voltage — 

BVcES = 40 Vdc (Min) @ lc = 100 juAdc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = L5 Vdc @ Iq = 1.0 Adc 

• Monolithic Construction for High Reliability 

• Complement to PNP MPS-U95 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEOC 1 ) 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

aa 

LU 

> 

12 

Vdc 

Collector Current 

•c 

2.0 

Adc 

Total Power Dissipation @ T^ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

TjTstg 

-55 to +150 

°C 

Temperature Range 



THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA 

125 

°C/W 

Thermal Resistance, Junction to Case 

R 0JC 

12.5 

°c/w 


(1) Due to the monolithic construction of this device, breakdown voltages of both 
transistor elements are identical. BVqeS ,s tested in lieu of BVceo in order to 
avoid errors caused by noise pickup. The voltage measured during the BVqes 
test is the BVq£q of the output transistor. 
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MPS - U45 



MPS-U45 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(l C = 100 M Adc, V BE =0) 

bv C es 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 

Oc = 100 MAdc, l E = 0) 

BVcbO 

50 


- 

Vdc 

Emitter-Base Breakdown Voltage 
(lE = 10 /iAdc, l c = 0) 

BVebO 

12 

- 

- 

Vdc 

Collector Cutoff Current 
(V CB = 30 Vdc, l E = 0) 

*CBO 

- 

- 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 10 Vdc, l c = 0) 

•ebo 

- 

- 

100 

nAdc 

ON CHARACTERISTICS!!) 

DC Current Gain 

h F E 




_ 

(1C = 200 mAdc, Vqe = 5.0 Vdc) 


25,000 

65,000 

150,000 


(l C = 500 mAdc, V C E = 5.0 Vdc) 


15,000 

35,000 

- 


(IC= 1.0 Adc, Vqe =5.0 Vdc) 


4,000 

12,000 

- 


Collector-Emitter Saturation Voltage 
(IC* 1-0 Adc, l B = 2.0 mAdc) 

VCE(sat) 

- 

1.2 

1.5 

Vdc 

Base-Emitter Saturation Voltage 
(l c = 1.0 Adc, l B = 2.0 mAdc) 

v BE(sat) 

- 

1.85 

2.0 

Vdc 

Base-Emitter On Voltage 
(1C = 1.0 Adc, Vqe * 5.0 Vdc) 

v BE(on) 

- 

1.7 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain (D 

(l C = 200 mAdc, V CE = 5.0 Vdc, f = 100 MHz) 

l^fel 

1.0 

3.2 

- 

- 

Collector Base Capacitance 

(Vcb = 10 Vdc, l E = 0, f = 1.0 MHz) 

C cb 

- 

2.5 

6.0 

pF 


(Upulse Test: Pulse Width ^300 ms. Duty Cycle £2.0%. 


Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 1 4 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in this application. 
They are also useful as power drivers for high current application such as voltage regulators. 
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(M) MOTOROLA 


MPS - U51 
MPS - U51A 


PNP SILICON ANNULAR TRANSISTORS 

. . . designed for complementary symmetry audio circuits to 5 Watts 
output. 

• Excellent Current Gain Linearity — 1.0 mAdc to 1.0 Adc 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 0.7 Vdc (Max) @ lc = 1.0 Adc 

• Complements to NPN MPS-U01 and MPS-U01A 

• Uniwatt Package for Excellent Thermal Properties — 

1.0 Watt @Ta = 25°C 


MAXIMUM RATINGS 

Rating 

Symbol 

MPS-U51 

MPS-U51 A 

Unit 

Collector-Emitter Voltage 

v CEO 

30 

40 

Vdc 

Collector-Base Voltage 

V CB 

40 

50 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ Ta= 25°C 
Derate above 25°C 

PD 

1.0 

8.0 

Watt 

mW/°C 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

10 

80 

Watts 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +1 50 

°c 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit | 

Thermal Resistance, Junction to Case 


12.5 


Thermal Resistance, Junction to Ambient 

R 0JA 





PNP SILICON 
AUDIO TRANSISTORS 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 
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Ic, COLLECTOR CURRENT (AMP) hFE, DC CURRENT GAIN 


MPS-U51,MPS-U51A 

ELECTRICAL CHARACTERISTICS (T/\ = 25°C unless otherwise noted) 

| Characteristic f Symbol 1 Min | Max T Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l C = 1 0 mAdc, l B = 0) 

MPS-U51 
MPS-U51 A 

bvceo 

30 

40 

- 

Vdc 

Collector-Base Breakdown Voltage 
(l c = 100 MAdc, l E = 0) 

MPS-U51 
MPS-U51 A 

bvcbo 

40 

50 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 100 M Adc, l C = 0) 

bv EB o 

5.0 

- 

Vdc 

Collector Cutoff Current 
(V C b = 30 Vdc, l E = 0) 

MPS-U51 

•CBO 

s 

_ 

0.1 

juAdc 

(V CB = 40 Vdc, l E = 0) 

MPS-U51A 

I 

- 

0.1 


Emitter Cutoff Current 
( V BE = 3 0 Vdc, l C = 0) 

'EBO 




0.1 

MAdc 


ON CHARACTERISTICS!!) 


DC Current Gain 
(IC = 10 mAdc, V CE = 1 0 Vdc) 

0c = 100 mAdc, Vce = 1.0 Vdc) 

Oc = 1.0 Adc, V C E = 1 0 Vdc) 

h F E 

55 

60 

50 

- 


Collector-Emitter Saturation Voltage 
(IC = 1-0 Adc, l B = 0.1 Adc) 

v CE(sat) 

- 

0.7 

Vdc 

Base-Emitter On Voltage 
(IC = 1.0 Adc, V CE = 1.0 Vdc) 

v BE(on) 


1.2 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product 

(IC = 50 mAdc, V CE = 10 Vdc, f = 20 MHz) 

fT 

50 


MHz 

Output Capacitance 

(V CB = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 


30 

PF 


(l)Pulse Test Pulse Width <300 ms, Duty Cycle <2 0% 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - "ON” VOLTAGES 



20 50 100 200 500 1000 

IC, COLLECTOR CURRENT (mA) 



10 20 30 50 100 200 300 500 1000 


IC, COLLECTOR CURRENT (mA) 


FIGURE 3 - DC SAFE OPERATING AREA 



There are two limitations on the power handling ability of a tran- 
sistor: junction temperature and second breakdown. Safe 
operating area curves indicate Iq~ Vce *‘ m ' ts °f t * ie transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on Tj(pk) = 150°C; Tq is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 
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(M) MOTOROLA 


MPS - 1)52 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose amplifier and driver applications. 
• Complement to NPN MPS-U02 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

V CEO 

40 

Vdc 

Collector- Base Voltage 

V CB 

60 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 

*c 

1.5 

Adc 

Total Power Dissipation @ t a = 25"C 

P D 

1.0 

Watt 

Derate above 25 c C 


8.0 

111W / °C 

Total Power Dissipation @ T £ = 25°C 

P D 

10 

Watts 

Derate above 25°C 


80 

mW / °C 

Operating and Storage Junction 

Temperature Range 

T J> T stg'” 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

r 0jc 

12. 5 

“c/w 

Thermal Resistance, Junction to Ambient 

r oja m ' 

125 

°c/w 


ELECTRICAL CHARACTERISTICS (T A = 25 *C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage 
(I c = 1.0 mAdc, I B = 0) 

bv ceo 

40 

- 

Vdc 

Collector- Base Breakdown Voltage 
(l c =100)i Adc, I E = 0) 

bv cbo 

60 

- 

Vdc 

Collector Cutoff Current 
(V CB = 40 Vdc, I E = 0) 

^BO 

- 

100 

nAdc 


ON CHARACTERISTICS (2) 


DC Current Gain 
(I c = 10 mAdc, V CE = 10 Vdc) 

(I c = 150 mAdc, V CE = 10 Vdc) 

(I c = 500 mAdc, V c£ = 10 Vdc) 

h FE 

50 

50 

30 

300 


Collector-Emitter Saturation Voltage 
(1^ = 150 mAdc, I fi = 15 mAdc) 

V CE(sat) 

- 

0. 4 

Vdc 

Base-Emitter Saturation Voltage 
(I c = 150 mAdc, I B = 15 mAdc) 

V BE(sat) 

- 

1.3 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain— Bandwidth Product (2) 

(I c = 20 mAdc, V CE = 20 Vdc, f = 100 MHz 

f T 

100 

- 

MHz 

Output Capacitance 
(V CB = 10 Vdc, I £ = 0, f = 100 kHz) 

C ob 

- 

24 

pF 


(1) is measured with device soldered into a typical printed circuit board 

(2) Pulse Test: Pulse Widthj£300 /is, Duty Cycled. 0% 


PNP SILICON 

AMPLIFIER TRANSISTOR 




STYLE 1: 

PIN 1. EMITTER 


2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

6 

2.54 BSC 

0.100 BSC | 

mm 
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MPS - U55 
MPS - U56 



MOTOROLA 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTORS 

. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 

• High Collector-Emitter Breakdown Voltage — 

BVcEO = 60 Vdc (Min) @ l C = 1 .0 mAdc - MPS-U55 
80 Vdc (Min) @ lc = 1.0 mAdc - MPS-U56 

• High Power Dissipation — Pq = 10 W @ Tc = 25°C 

• Complements to NPN MPS-U05 and MPS-U06 


PNP SILICON 

AMPLIFIER TRANSISTORS 


MAXIMUM RATINGS 





Rating 

Symbol 

MPS-U55 

MPS-U56 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

Vdc 

Col lector- Base Voltage 

V CB 

60 

80 

Vdc 

Emitter-Base Voltage 

Veb 

4.0 

Vdc 

Collector Current — Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 
Temperature Range 

T J' T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 





Characteristic 


Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 


r 0JA(1) 

125 

°C/W 

Thermal Resistance, Junction to Case 


R 0JC 

12.5 

°c/w 

(1 ) R0ja is measured with the device soldered into a typical printed circuit board. 





STYLE 1 
PIN 1 EMITTER 
2 BASE 


DIM 

millimeters 

INCHES I 

MIN 

MAX 

MIN 

MAX 

A 

9.H 

9.53 

0.360 

0.375 

B 

§T60 

7.24 

0.260 

0.285 

c 

5.41 

5.66 

0.213 

0.223 

nr 1 

0.38 

0 53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08 BSC 

0.2C 

) BSC 

Q 

2.39 1 2.69 

0.094 

0.106 

R 

1.14 I 1.40 

0.045 

0.055 


Collector Connected 
to T ab 

CASE 152-02 
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MPS-U55, MPS-U56 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage ^ 






Vdc 

(l c = 1.0 mAdc, 1 B — 0) 

MPS-U55 


60 

- 

- 



MPS-U56 


80 

- 

- 


Emitter-Base Breakdown Voltage 


bv EBO 

4.0 

- 

- 

Vdc 

(l E = lOOpAdc, l C = C) 







Collector Cutoff Current 


»CBO 




nAdc 

(V CB = 40 Vdc, l E = 0) 

MPS-U55 


- 

- 

100 


(V CB = 60 Vdc, l E = 0) 

MPS-U56 


- 

- 

100 



ON CHARACTERISTICS 


DC Current Gain (1 ) 

(l c = 50 mAdc, V C E = 1 -0 Vdc) 

(IC - 250 mAdc, V CE = 1.0 Vdc) 

Oc = 500 mAdc, Vce = 1.0 Vdc) 

h FE 

80 

50 

160 

130 

80 

- 


Collector-Emitter Saturation Voltage(l) 

VcE(sat) 




Vdc 

Oc = 250 mAdc, l B = 10 mAdc) 


- 

0.22 

0.5 


(l C = 250 mAdc, 1 B = 25 mAdc) 


- 

0.15 

- 


Base-Emitter On Voltage (1) 

v BE(on) 

- 

0.78 

1.2 

Vdc 

(l c = 250 mAdc, V C e = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 


Current-Gain— Bandwidth Product (1) 

(l C = 250 mAdc, V C £ = 5.0 Vdc, f = 100 MHz) 

*T 

50 

100 

- 

MHz 

Output Capacitance 
(V C B = 10 Vdc, l E = 0, f = 100 kHz) 

Cob 


10 

15 

pF 


(l)Pulse Test: Pulse Width <300 ms, Duty Cycle <2.0%. 


FIGURE 1 - DC CURRENT GAIN FIGURE 2 - “ON" VOLTAGES 




FIGURE 3 - ACTIVE REGION SAFE 
OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate Iq — Vqj= limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 


FIGURE 4 - CURRENT-GAIN-BANDWIDTH PRODUCT 



IC, COLLECTOR CURRENT (mA) 


The data of Figure 3 is based on T j( p k) = 1 50°C; Tc is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by second! breakdown. 
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MPS - 1157 



MOTOROLA 


PNP SILICON ANNULAR 
AMPLIFIER TRANSISTOR 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


• High Collector-Emitter Breakdown Voltage — 
BVcEO = 100 Vdc (Min) @ Iq = 1 .0 mAdc 


• High Power Dissipation — Pq = 10 W @ Tq = 25°C 


• Complement to NPN MPS-U07 


1 

MAXIMUM RATINGS 

Rating 


Value 

Unit 

Collector-Emitter Voltage 

v CEO 

100 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

V EB 

4.0 

Vdc 

Collector Current - Continuous 

•c 

2.0 

Adc 

Total Power Dissipation @ = 25°C 

Pd 

1.0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation Jc = 25°C 

pd 

10 

Watts 

Derate above 25°C 

80 

mW/°C 

Operating and Storage Junction 

Tj,T St g 

-55 to +150 

°C 

Temperature Range 




THERMAL CHARACTERISTICS 

Characteristic 

Symbol 


Unit 

Thermal Resistance, Junction to Case 

Rejc 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

125 

°C/W 



AMPLIFIER TRANSISTOR 
PNP SILICON 




STYLE 1: 

PIN 1. EMITTER 


2. BASE 

3. COLLECTOR 






wmm 


ELIMI 

■9 

9 

USS 

ms 

IBS! 

n 

em 

MEM 

BEHjl 


ID 

EM 

Eiia 

ESO 

EM 1] 




■min 

■•Mil 

mm 


WBBM 


Msm 

mm 

■EEHOEM 

■HIT'I'I si 

u 

El 

m 

iii-i-i 

Hjg 




■mif 


B 


iuotb 

HigHi 



Em 


MEM 




BETi 



msm 

MMM 

■mm 


mm 

ms 

wcm 

Mfei 



CASE 152-02 
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MPS-U57 


ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) 

(l C = 10 mAdc, Ib = 0) 

bv CEO 

100 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l C = 100 pAdc, l E = 0) 

bv EBO 

4.0 

- 

- 

Vdc 

Collector Cutoff Current 
(V C b = 40 Vdc, l E = 0) 

'CBO 

- 

- 

100 

nAdc 


ON CHARACTERISTICS (D 


DC Current Gain 
(lC = 50 mAdc, Vq E = 1.0 Vdc) 

( 1 C = 250 mAdc, V CE = 1 .0 Vdc) 

(lC = 500 mAdc, V CE = 1.0 Vdc) 

h FE 

60 

30 

140 

65 

30 

- 


Collector-Emitter Saturation Voltage 

VcE(sat) 





(IC = 250 mAdc, lg = 10 mAdc) 


- 

0.24 

0.5 


(lC = 250 mAdc, lg = 25 mAdc) 


- 

0.15 

- 


Base-Emitter On Voltage 

v BE(on) 

_ 

0.78 

1.2 

Vdc 

(lC = 250 mAdc, V CE = 5.0 Vdc) 







SMALL-SIGNAL CHARACTERISTICS 




















MPS - U60 



MOTOROLA 


PNP SILICON ANNULAR TRANSISTOR 

. . . designed for general-purpose applications requiring high break- 
down voltages, low saturation voltages and low capacitance. 

• Complement to NPN Type MPS-U 10 


PNP SILICON 
HIGH VOLTAGE 
TRANSISTOR 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CEO 

300 

Vdc 

Collector-Base Voltage 

V CB 

300 

Vdc 

Emitter-Base Voltage 

v eb 

50 

Vdc 

Collector Current - Continuous 

'c 

500 

mAdc 

Total Power Dissipation @Ta = 25°C 

PD 

1 0 

Watt 

Derate above 25°C 


8.0 

mW/°C 

Total Power Dissipation @Tc = 25°C 

Pd 

10 

Watts 

Derate above 25°C 


80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj- T stg 

-55 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

RejC 

12.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA(1) 

125 

°C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless Otherwise noted) 


Characteristic | 

Symbol 

Mm 

Max 

Unit 

OFF CHARACTERISTICS. 

Collector Emitter Breakdown Voltage (2) 

Uc = 1 0 mAdc, Ib = 0) 

bvceo 

300 


Vdc 

Collector-Base Breakdown Voltage 
dC = 100 MAdc, l£ = 0) 

bv CB o 

300 

_ 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 MAdc, l£ = 0) 

BVebO 

50 


Vdc 

Collector Cutoff Current 
(Vcb = 200 Vdc, Ig =0) 

•CBO 

_ 

0.2 

MAdc 

Emitter Cutoff Current 
(V BE = 3.0 Vdc, l c = 0) 

'EBO 

_ 

0 1 

MAdc 

ON CHARACTERISTICS 

DC Current Gain (2) 

(Iq = 1.0 mAdc, Vce = 10 Vdc) 

hFE 

25 



(1C = 10 mAdc, VcE = 10 Vdc) 


30 



dC * 30 mAdc, Vce = 10 Vdc) 


30 

- 


Collector-Emitter Saturation Voltage 
(1 C = 20 mAdc, 1 g = 2.0 mAdc) 

Vce (sat) 

_ 

0.75 

Vdc 

Base-Emitter Saturation Voltage 
(lc = 20 mAdc, Iq = 2.0 mAdc) 

v BE(sat) 


0.9 

Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain-Bandwidth Product (2) 

(l c = 10 mAdc, V C E = 20 Vdc, f = 100 MHz) 

*T 

60 


MHz 

Collector-Base Capacitance 
(V C B = 20 Vdc, l E = 0, f = 1 0 MHz) 

Ccb 

- 

8.0 

pF 


(1) R#ja is measured with the device soldered into a typical printed circuit board. 

(2) | Pulse Test: Pulse Width < 300 jus, Duty Cycle < 2.0%. 




STYLE 1: 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

D 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSC | 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08 BSC 

0.20 

OBSC 

Q 

2.39 

2.69 

0.094 

0.106 

R 

1.14 

1.40 

0.045 

0.055 


1-950 













(M) MOTOROLA 


MPS - 1)95 


PNP SILICON DARLINGTON 
AMPLIFIER TRANSISTOR 

. . . designed for amplifier and driver applications. 

• High DC Current Gain — 

hFE = 25,000 (Min) @ Iq = 200 mAdc 
15,000 (Min) @ Iq = 500 mAdc 

• Collector-Emitter Breakdown Voltage — 

BVcES = 40 Vdc (Min) @\q = 100 ^Adc 

• Low Collector-Emitter Saturation Voltage — 

VcE(sat) = L5 Vdc @ lc = 10 Adc 

• Monolithic Construction for High Reliability 

• Complement to NPN MPS-U45 


MAXIMUM RATINGS 




Rating 

Symbol 

Value 

Unit 

, Collector-Emitter Voltage 

VceO (1> 

40 

Vdc 

Collector-Emitter Voltage 

V CES 

40 

Vdc 

Collector-Base Voltage 

V CB 

50 

Vdc 

Emitter-Base Voltage 

V EB 

10 

Vdc 

Collector Current -Continuous 

<C 

2.0 

Adc 

Total Power Dissipation @ T/\ = 25°C 

P D 

1.0 

Watt 

Derate above 25°C 

8.0 

mW/°C 

Total Power Dissipation @ Tq = 25°C 

PD 

10 

Watts 

Derate above 25°C 

80 

mW/°C 

Operating and Storage Junction 

Temperature Range 

Tj' T stg 

-55 to +150 

°C 

THERMAL CHARACTERISTICS 




Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient 

r 0JA(2) 

125 

°C/W 

Thermal Resistance, Junction to Case 

R 9 JC 

12.5 

°C/W 

(1) Due to the monolithic construction of this device, breakdown voltages of both 

transistor elements are identical. BVqes is tested in lieu of BVceO m order to 

avoid errors caused by noise pickup. The voltage measured during the BVq^s 
test is the BVceO of the output transistor. 

(2) R0j/\ is measured with the device soldered into a typical printed circuit board. 


PNP SILICON 

DARLINGTON 

TRANSISTOR 




H 


D 


STYLE 1. 

PIN 1. EMITTER 

2. BASE 

3. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

A 

9.14 

9.53 

0.360 

0.375 

B 

6.60 

7.24 

0.260 

0.285 

C 

5.41 

5.66 

0.213 

0.223 

0 

0.38 

0.53 

0.015 

0.021 

F 

3.18 

3.33 

0.125 

0.131 

G 

2.54 BSC 

0.100 BSC 

H 

3.94 

4.19 

0.155 

0.165 

J 

0.36 

0.41 

0.014 

0.016 

K 

12.07 

12.70 

0.475 

0.500 

L 

25.02 

25.53 

0.985 

1.005 

N 

5.08 BSC 

0.2( 

0BSC 

Q 

2.39 | 2.69 

0.094 

0.106 

R 

1.14 1 1.40 

0.045 

0.055 


1-952 





MPS-U95 


ELECTRICAL CHARACTERISTICS (T^ = 25°C unless otherwise noted) 


Characteristic 


Symbol 


Min 

Typ 

[ Max | 

Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
<I C = lOOjuAdc, V BE = 0) 

bvces 

40 

- 

- 

Vdc 

Collector-Base Breakdown Voltage 
<Iq = 100/uAdc, l E = 0) 

BV CB o 

50 

- 

- 

Vdc 

Emitter-Base Breakdown Voltage 
(l E = 10 juAdc, Iq = 0) 

BV EB o 

10 

- 

~ 

Vdc 

Collector Cutoff Current 
<V CB = 30 Vdc, l E - 0) 

'CBO 

- 

~ 

100 

nAdc 

Emitter Cutoff Current 
(V EB = 8.0 Vdc, l C = 0) 

'EBO 

— 

— 

100 

nAdc 


ON CHARACTERISTICS!!) 


DC Current Gam 

(l c = 200 mAdc, V C E = 5.0 Vdc) 

(l c = 500 mAdc, V CE = 5.0 Vdc) 
dC = 1.0 Adc, V C E = 5.0 Vdc) 

h FE 

25.000 

15.000 

4.000 

43.000 

41.000 

35.000 

150,000 


Collector-Emitter Saturation Voltage 
(Iq = 10 Adc, 1 B = 2.0 mAdc) 


- 

1.0 

1.5 


Base-Emitter Saturation Voltage 
(l C = 1.0 Adc, l B = 2.0 mAdc) 

v BE(sat) 

- 


2.0 

mg 

Base-Emitter On Voltage 
(l c = 10 Adc, V CE = 5.0 Vdc) 

v BE{on) 


1.7 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain (1) 

(1C = 200 mAdc, V C E = 5.0 Vdc, f = 100 MHz) 

l h fel 

0.5 

1.6 



Collector Base Capacitance 

(V C b = 10 Vdc, l E = 0, f = 1.0 MHz) 

Ocb 


2.5 

12 

pF 


1.3 


! 1 ) Pulse T esr Pulse Width < 300 jus, Duty Cycle <Z 2 0%. 


Uniwatt darlington transistors can be used in any number of low power applications, such as relay drivers, motor control and as general 
purpose amplifiers. As an audio amplifier these devices, when used as a complementary pair, can drive 3.5 watts into a 3.2 ohm speaker using 
a 1 4 volt supply with less than one per cent distortion. Because of the high gain the base drive requirement is as low as 1 mA in this application. 
They are also useful as power drivers for high current application such as voltage regulators. 
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Ic, COLLECTOR CURRENT (AMP) V, VOLTAGE (VOLTS) hFE, DC CURRENT GAIN (X 1000) 


MPS-U95 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 

IC, COLLECTOR CURRENT (AMP) 



0.01 0.02 0.05 0.1 0.2 0.5 1.0 


IC, COLLECTOR CURRENT (AMP) 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 4 - TEMPERATURE COEFFICIENT 



0.02 0.05 0.1 0.2 0.5 1.0 2.0 


IC, COLLECTOR CURRENT (AMP) 


FIGURE 5 - DC SAFE OPERATING AREA 



2.0 3.0 5.0 7.0 10 20 30 40 


VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: junction temperature and second breakdown. Safe 
operating area curves indicate lc~VCE limits °f the transistor that 
must be observed for reliable operation; i.e., the transistor must not 
be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p |<) = 150°C; Tc is variable 
depending on conditions. At high case temperatures, thermal limi- 
tations will reduce the power that can be handled to values less 
than the limitations imposed by second breakdown. 
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MOTOROLA 


NPN PNP 

TIP29 TIP30 
TIP29A TIP30A 
TIP29B TIP30B 
TIP29C TIP30C 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. Compact TO-220 AB package. TO-66 leadform also 
available. 


MAXIMUM RATINGS 


Rating 

Symbol 

TIP29 

TIP30 

TIP29A 

TIP30A 

TIP29B 

TIP30B 

TIP29C 

TIP30C 

Unit 

Collector-Emitter Voltage 

v CEO 

40 

60 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

40 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

veb 


Vdc 


Collector Current — Continuous 
Peak Peak 

•c 

1.0 ► 

3 .0 

Adc 

Base Current 

'b 

0.4 ► 

Adc 

Total Power Dissipation 
@ T C = 25°C 

Derate above 25°C 

Pd 

30 ► 

0.24 ► 

Watts 

W/°C 

Total Power Dissipation 
@ T a = 25°C 

Derate above 25°C 

P D 

•«* 2.0 ► 

0.016 ► 

Watts 

W/°C 

Unclamped Inductive Load 

Energy (See Note 3) 

E 

32 ► 

mJ 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +150 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

4.167 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°c/w 


ELECTRICAL CHARACTERISTICS (T c 

= 25°C unless otherwise noted) 



Characteristic 


Symbol 

Min 

Max 

Unit | 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 

TIP29, TIP30 

v CEO(sus) 

40 

- 

Vdc 

( 1 Q = 30 mAdc, l B = 0) 

TIP29A, TIP30A 


60 

- 



TIP29B, TIP30B 


80 

- 



TIP29C, TIP30C 


100 

- 


Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) TIP29, TIP29A, TIP30, TIP30A 


- 

0.3 


(V CE = 60 Vdc, l B = 0) TIP29B, TIP29C, TIP30B, TIP30C 


- 

0.3 


Collector Cutoff Current 


'CES 



MAdc 

(V CE =40 Vdc, V EB =0) 

TIP29, TIP30 


- 

200 


(Vce = 60 Vdc, V EB = 0) 

TIP29A, TIP30A 


- 

200 


(V CE = 80 Vdc, V EB = 0l 

TIP29B, TIP30B 


- 

200 


(Vce = 100 vdc, v EB = 0 ) 

TIP29C, TIP30C 


- 

200 


Emitter Cutoff Current 


<EBO 

- 

1.0 

mAdc 

<V BE = S.O Vdc, l c = 0) 






ON CHARACTERISTICS (1) 

DC Current Gam 


h FE 



_ 

(Iq 55 0.2 Adc, Vce = 4.0 Vdc) 



40 

- 


(l c = 1.0 Adc, V C e= 4.0 Vdc) 



15 

75 


Collector-Emitter Saturation Voltage 


v CE(sat) 

- 

0.7 

Vdc 

(l c = 1-0 Adc, l e = 125 mAdc) 






Base-Emitter On Voltage 


v BE(on) 

- 

1.3 

Vdc 

(l c = 1.0 Adc, V C E = 4.0 Vdc) 







DYNAMIC CHARACTERISTICS 


Current Gam - Bandwidth Product (2) 

<l c = 200 mAdc, V C e = 10 Vdc, f test = 1 MHz) 

f T 

3.0 

- 

MHz 

Small-Signal Current Gain 

(l c = 0.2 Adc, V C E = 10 Vdc. f = 1 kHz) 

h fe 

20 

_ 

- 


1 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80-100 VOLTS 
30 WATTS 




— S p 

p— c 

- B 

_1 

r - 

A 

1 . 

T 

A 

1 2| 

4_ Q_ 

r~ 

K 

1 

Am 

j SECT A A 

H 

H 

F 

J 

-J 

■L — R 

■ L— j 

D— 

IU 

h-L 

— G 


STYLE 1 
PIN 1 BASE 

2. COLLECTOR 

3. EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

1575 

0 575 

0 620 

B 

9 65 

1029 

0 380 

0 405 

C 

4 06 

4.82 

0.160 

0 190 

D 

0 64 

0.89 

0 025 

0 035 

F 

3 61 

3 73 

0.142 

0 147 

G 

2 41 

2.67 

0 095 

0 105 

H 

2 79 

3 93 

0110 

0 155 

J 

0.36 

0 56 

0014 

0.022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0.045 

0 055 

N 

4 83 

5 33 

0 190 

0.210 

Q 

2.54 

3 04 

0.100 

0.120 

R 

2 04 

2.79 

0.080 

0.110 

S 

1.14 

1.39 

0.045 

0.055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

Z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-22QAB 


(1 ) Pulse Test. Pulse Width < 300 ms. Duty Cycle < 2.0%. 

12) f T ='hfe latest 

(3) This rating based on testing with Lc = 20 mH, R BE = 100 to, Vce = 10 V, Iq = 1 .8 A, P.R.F. = 10 Hz. 
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COLLECTOR CURRENT, (AMPS) 


TIP29, TIP29A, TIP29B, TIP29C, NPN, TIP30, TIP30A, TIP30B, TIP30C, PNP 


FIGURE 1 - DC CURRENT GAIN 


FIGURE 2 - TURN-OFF TIME 




FIGURE 3 - SWITCHING TIME EQUIVALENT CIRCUIT 


TURN ON PULSE 



RB and Rc VARIED TO OBTAIN 
DESIRED CURRENT LEVELS. 



0.03 0.05 0.07 0.1 0 3 0.5 0 7 1 0 3 0 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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1.0 4.0 10 20 40 100 


V CE , COLLECTOR EMITTER VOLTAGE, (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq-Vce operation; i.e., the 
transistor must not be subjected to greater dissipation than the 
curves indicate. 

The data of Figure 5 is based onTjfpk) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(p|<.) < 150°C. At high case 
temperatures, thermal limitations will reduce the power that can 
be handled to values less than the limitations imposed by second 
breakdown. 





MOTOROLA 


NPN PNP 

TIP31 TIP32 
TIP31A TIP32A 
TIP31B TIP32B 
TIP31C TIP32C 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

• Collector-Emitter Saturation Voltage — 

v CE(sat) = 12 Vdc (Max) @ *C = 3.0 Adc 

• Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 40 Vdc (Min) ~ TIP31. TIP 32 

= 60 Vdc (Min) - TIP31A, TIP32A 
= 80 Vdc (Min) - TIP31B, TIP32B 
= 100 Vdc (Min) - TIP31C, TIP32C 

• High Current Gain - Bandwidth Product 

f T = 3.0 MHz (Min) @ l c = 500 mAdc 

• Compact TO-220 AB Package 

• TO-66 Leadform Also Available 


3 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80-100 VOLTS 
40 WATTS 


"MAXIMUM RATINGS 



Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


e Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Total Power Dissipation 
@ T A = 25°C 
Derate above 25°C 


Unclamped Inductive 
Load Energy (1) 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


T J- T stg 


TIP31 

TIP32 


TIP31A 

TIP32A 


60 


TIP31B 

TIP32B 


TIP31C 

TIP32C 


• 3.0 - 

-5.0- 


40 - 
0.32 


- 2.0 

- 0.016 


Watts 

W/°C 


Watts 

W/°C 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance. Junction to Ambient 


Symbol 


R 0JC 


R 0JA 


3.125 


62.5 


°C/W 


°c/w 


(1) l c = 1 .8 A, L = 20 mH, P.R.F. = 10 Hz, V cc = 10 V, R BE = 100 a. 



2. COLLECTOR 
3 EMITTER 
4. COLLECTOR 


OIM 

■Mill! 

■DKEflil 

m 

MAX 

MIN 

MAX 

A 

1460 

15.75 

0 575 

0.620 

B 

9.65 

1029 

■ijci:l»M 

0.405 

C 


4 82 


o 

D 

■lii 

0 89 

fiiroa 

0 035 

F 

3.61 

3 73 

IilEM 

iilgH 

G 

2 41 

2 67 

■llllil 

HEa 

H 

2 79 

3 93 

ma 

liTOl 

J 


0 56 

tiliith 

ImV>J 

K 

12 70 

1427 

BBEi 

Iti.'f.'H 

L 

1.14 

1 39 



N 

4 83 

5.33 

■lliillh 

EBO 

Q 

2.54 

EE3 

QE3I 

HE3 

R 

2.04 

2.79 


imri 

S 

1.14 

1 39 

0.045 

IEBEEI 

T 

5.97 

6.48 

0.235 

■Ilk4.il 

U 

0.00 

1.27 


lijiHiI 

mm 

1.14 

- 


- 

z 

- 

■HH 

- 

0.080 


CASE 221A-02 
TO-220 AB 


1-957 





















TIP31, TIP31A, TIP31B, TIP31C, NPN, TIP32, TIP32A, TIP32B, TIP32C, PNP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(l C = 30 mAdc, l B = 0) 

TIP31 , TIP32 
TIP31A, TIP32A 
TIP31B, TIP32B 
TIP31C, TIP32C 

VCEO(sus) 

40 

60 

80 

100 

- 

Vdc 

Collector Cutoff Current 


«CEO 



mAdc 

(V C e = 30 Vdc, l B = 0) 

TIP31, TIP31A, TIP32, TIP32A 


- 

0.3 


(V CE = 60 Vdc, l B = 0) 

TIP31B, TIP31C, TIP32B, TIP32C 

. 

- 

0.3 


Collector Cutoff Current 


ices 



MAdc 

(V CE = 40 Vdc, V EB = 0) 

TIP31, TIP32 


- 

200 


(V CE = 60 Vdc, V EB = 0) 

TIP31A, TIP32A 


- 

200 


(Vce = 80 Vdc, V EB = 0) 

TIP31B, TIP32B 


- 

200 


(V CE = 100 Vdc, V EB = 0) 

TIP31 C, TIP32C 


- 

200 


Emitter Cutoff Current 


• ebo 

- 

1.0 

mAdc 

(V BE = 5.0 Vdc, lc = 0) 

1 

i 





ON CHARACTERISTICS (1) 


DC Current Gain 

(lC = 1.0 Adc, V CE = 4.0 Vdc) 

(l c = 3.0 Adc, V CE = 4.0 Vdc) 

h F £ 

25 

10 

50 


Collector-Emitter Saturation Voltage 
(Iq = 3.0 Adc, l B = 375 mAdc) 

v CE(sat) 


1.2 

Vdc 

Base-Emitter On Voltage 

(l c = 3.0 Adc, V CE = 4.0 Vdc) 

VBE(on) 

— 

1.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(l c = 500 mAdc, V CE = 10 Vdc, f test = 1 MHz) 

fT 

3.0 

- 

MHz 

Small-Signal Current Gain 

(1C = 0.5 Adc, V C E = 10 Vdc, f = 1 kHz) 

Ihfel 

20 

- 

- 


(1) Pulse Test: Pulse Width < 300 jlls, Duty Cycle < 2.0%. 

(2) f T = |h fe I • f test 



0 20 40 60 80 100 120 140 100 

T, TEMPERATURE (°C) 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 



Re and Rc VARIED TO OBTAINjDESIRED CURRENT LEVELS. 


FIGURE 3 - TURN-ON TIME 
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Ic, COLLECTOR CURRENT (AMP) r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 


TIP31, TIP31A, TIP31B, TIP31C, NPIM, TIP32, TIP32A, TIP32B, TIP32C, PNP 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 
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VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic'^ce limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p ( < ) = 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j(p|<) ^ 150°C. Tj(p|<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 6 - TURN-OFF TIME 


FIGURE 7 - CAPACITANCE 















MOTOROLA 


NPN PNP 
TIP33 TIP34 

TIP33A TIP34A 
TIP33B TIP34B 
TIP33C TIP34C 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

. . . for general-purpose power amplifier and switching applications. 

• 10 A Collector Current 

• Low Leakage Current — IqeO = 0 7 mA @ 30 and 60 V 

• Excellent dc Gain — hf£ = 40 Typ @ 3.0 A 

• High Current Gain Bandwidth Product — hf e = 3.0 min @ Ir = 

0.5 A, f= 1.0 MHz 


10 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-100 VOLTS 
80 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

TIP33 

TIP34 

TIP33A 

TIP34A 

TIP33B 

TIP34B 

TIP33C 

TIP34C 

Unit 

Collector-Emitter Voltage 

v CEO 

40 V 

60 V 

80 V 

100 V 

Vdc 

Collector-Base Voltage 

V CB 

40 V 

60 V 

80 V 

100 V 

Vdc 

Emitter-Base Voltage 

V EB 

i- n 

Vdc 

D.U 

Collector Current — Continuous 
Peak (1 ) 

>c 

in 

Adc 

_ 4 r 

1 o 

Base Current — Continous 

•b 

? n 

Adc 

J.U 

Total Power Dissipation 
@ T c = 25°C 

Derate above 25°C 

Pd 

^ QO ^ 

Watts 

W/°C 

** 0.64 ^ 


Operating and Storage Junction 
Temperature Range 

T J' T stg 

-65 to +150 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 56 

°C/W 

Junction-To-Free-Air Thermal Resistance 

r 0JA 

35 7 

°c/w 


(1 ) Pulse Test. Pulse Width = 10 ms. Duty Cycle ^10%. 




STYLE 1 

1. BASE 

2. COLLECTOR 

3. EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

4.04 1 

4.22 

0.159 

0.166 


CASE 340-01 
TO-218AC 


1-961 






I C , COLLECTOR CURRENT (AMPS) 


TIP33, TIP33A, TIP33B, TIP33C, TIP34, TIP34A, TIP34B, TIP34C 


ELECTRICAL CHARACTERISTICS (Tc - 25°C unless otherwise noted) 


| Characteristic 

| Symbol | 

Min 

I Max j 

Unit | 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage (1) 
(l C = 30 mA, l B = 0) 

TIP33, TIP34 

TIP33A, TIP34A 
TIP33B, TIP34B 

TIP33C, TIP34C 

BV CEO 

40 

60 

80 

100 

- 

Vdc 

Collector-Emitter Cutoff Current 
(V CE = 30 V, l B = 0) TIP33, TIP33A, TIP34, TIP34A 

(V CE = 60 V, l B = 0) TIP33B, TIP33C, TIP34B, TIP34C 

'CEO 

- 

0.7 

0.7 

mA 

Collector-Emitter Cutoff Current 
(Vce = Rated v CEO' V EB = 0) 


'CES 

— 

0.4 

mA 

Emitter-Base Cutoff Current 
(V EB = 5.0 V, l c = 0) 


•ebo 

— 

1.0 

mA 


ON CHARACTERISTICS (1) 


DC Current Gain 
(l C = 1 .0 A, V CE = 4.0 V) 

(IC = 3.0 A, V CE = 4.0 V) 

h FE 

40 

20 

100 

— 

Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 3.0 A, l B = 0.3 A) 


— 

1.0 


dC= 10 A, l B = 2.5 A) 


— 

4.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l C = 3.0 A, Vce = 4.0 V) 


— 

1.6 


d C = 10A, V CE = 4.0 V) 


— 

3.0 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 
(IC = 0.5 A, V C E = 1 0 V, f = 1 .0 kHz) 

h fe 

20 

— 

— 

Current-Gain— Bandwidth Product (2) 

(ic = o.5 a, v C e = i o v, f = i .o mhz) 

*T 

3.0 

— 

MHz 


(1 ) Pulse Test. Pulse Width = 300 ^s, Duty Cycle ^2.0%. 

(2) f j = [hf e ] • f test 


FIGURE 2 — MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FORWARD BIAS 

The Forward Bias Safe Operating Area represents 
the voltage and current conditions these devices can 
withstand during forward bias. The data is based on Tc = 
25°C;Tj(p|<) is variable depending on power level. Second 
breakdown pulse limits are valid for duty cycles to 1 0%, 
and must be derated thermally for Tc > 25°C. 


FIGURE 3 - MAXIMUM RATED REVERSE BIAS 



0 20 40 60 80 100 


Vce- COLLECTOR EMITTER VOLTAGE (VOLTS) 

REVERSE BIAS 

The Reverse Bias Safe Operating Area represents 
the voltage and currentconditionsthese devicescan with- 
stand during reverse biased turn-off. This rating is verified 
under clamped conditions so the device is never subjected 
to an avalanche mode. 
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MOTOROLA 


NPN PNP 
TIP35 TIP36 

TIP35A TIP36A 
TIP35B TIP36B 
TIP35C TIP36C 


COMPLEMENTARY SILICON 
HIGH-POWER TRANSISTORS 

... for general-purpose power amplifier and switching applications. 

• 25 A Collector Current 

• Low Leakage Current — iCEO - TO mA @ 30 and 60 V 

• Excellent dc Gain — = 40 Typ @ 15 A 

• High Current Gain Bandwidth Product — (hf e = 3.0 min @lc- 

1.0 A, f= 1.0 MHz 


25 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

40-100 VOLTS 
1 25 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

TIP35 

TIP36 

TIP35A 

TIP36A 

TIP35B 

TIP36B 

TIP35C 

TIP36C 

Unit 

Collector-Emitter Voltage 

v CE0 

40 V 

60 V 

80 V 

100 V 

Vdc 

Collector-Base Voltage 

V CB 

40 V 

60 V 

80 V 

100 V 

Vdc 

Emitter-Base Voltage 

V EB 

r n w 

Vdc 

** 0 ^ 

Collector Current — Continuous 
Peak (1) 

'c 


Adc 



Base Current — Contmous 

*B 

- SO w 

Adc 

^ DU ^ 

Total Power Dissipation 
@ T c = 25°C 

Derate above 25°C 

P D 

1 °5 & 

Watts 

W/°C 


^ 10 ► 

Operating and Storage Junction 
Temperature Range 

TjTstg 

-65 to +150 

°C 

Unclamped Inductive Load 

E SB 

90 

mJ 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 0 

°c/w 

Junction-To-Free-Air Thermal Resistance 

R 0JA 

35 7 

°C/W 


(1 ) Pulse Test Pulse Width = 10 ms, Duty Cycle ^10% 




STYLE 1: 

1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

"TP 

2.41 1 

3.20 

0.095 

0.126 


0.38 

0.64 

0.015 

0.025 

~Tl 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 1 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

4.04 

4.22 

0.159 

0.166 


CASE 340-01 
TO-218AC 
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TIP35, TIP35A, TIP35B, TIP35C,NPN, TIP36, TIP36A, TIP36B, TIP36C,PNP 


ELECTRICAL CHARACTERISTICS (Jq = 25°C unless otherwise noted) 


| Characteristic 

J Symbol j 

Min | 

Max 

| Unit | 

OFF CHARACTERISTICS 






Collector-Emitter Sustaining Voltage (1 ) 

BVCEO 



Vdc 

(l C = 30 mA, Iq = O) TIP35, TIP36 


40 

— 


TIP35A, TIP36A 


60 

— 


TIP35B, TIP36B 


80 

— 


TIP35C, TIP36C 


100 

- 


Collector-Emitter Cutoff Current 

*CEO 



mA 

(VcE = 30 V, Ib = 0) TIP35, TIP35A, TIP36, TIP36A 


— 

1 0 


(V C E = 60 V, l B - O) TIP35B, TIP35C, TIP36B, TIP36C 


— 

1.0 


Collector-Emitter Cutoff Current 

>CES 

— 

0.7 

mA 

(V CE = Rated V C EO- V EB = O) 




. 

Emitter-Base Cutoff Current 

•ebo 

— 

1.0 

mA 

(V EB = 5.0 V, l C = 0) 






ON CHARACTERISTICS (1) 


DC Current Gain 

h FE 



_ 

(l C = 1 .5 A, V CE = 4.0 V) 


25 



(IC= 15 A, Vce = 4.0 V) 


15 

75 


Collector-Emitter Saturation Voltage 

v CE(sat) 



Vdc 

(l C = 15 A, l B = 1.5 A) 


— 

1.8 


dC= 25 A, l B = 5.0 A) 


— 

4.0 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 15 A, V C E = 4.0V) 

— 

2.0 


(l C = 25 A, Vq E = 4.0 V) 


— 

4.0 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 
(l C = 1.0 A, V CE = 10 V, f= 1.0 kHz) 

h fe 

25 

— 

— 

Current-Gain — Bandwidth Product (2) 

(l C = 10 A, V C E= 10V,f= 1.0 MHz) 


3.0 

— 

MHz 


(1 ) Pulse Test: Pulse Width = 300 iis, Duty Cycle ^2.0% 

(2) f T = [h fe l • ffest 


FIGURE 2 - SWITCHING TIME EQUIVALENT 
TEST CIRCUITS 




FOR CURVES OF FIGURES 3 & 4, R B & R|_ARE VARIED. 
INPUT LEVELS ARE APPROXIMATELY AS SHOWN. 

FOR NPN, REVERSE ALL POLARITIES. 


FIGURE 3 - TURN-ON TIME 



0.3 0.5 0 7 1.0 2.0 3.0 5 0 7.0 10 20 30 


1C. COLLECTOR CURRENT (AMPERES) 
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TIP35, TIP35A, TIP35B, TIP35C,NPN, TIP36, TIP36A, TIP36B, TIP36C,PNP 


FIGURE 4 - TURN-OFF TIME 


FIGURE 5 - DC CURRENT GAIN 



0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 30 

1C, COLLECTOR CURRENT (AMPERES) 



0 5 1 0 2 0 5 0 1.0 20 

l c . COLLECTOR CURRENT (AMPS) 


FORWARD BIAS 

There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Ic _ Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 6 is based on T^ = 25°C; Tj(p|<) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 10% but must be 
derated when 25°C. Second breakdown limitations 
do not derate the same as thermal limitations. 


REVERSE BIAS 

For inductive loads, high voltage and high current must 
be sustained simultaneously during turn-off, in most 
cases, with the base to emitter junction reverse biased. 
Under these conditions the collector voltage must be held 
to a safe level at or below a specific value of collector 
current. This can be accomplished by several means such 
as active clamping, RC snubbing, load line shaping, etc. 
The safe level for these devices is specified as Reverse 
Bias Safe Operating Area and represents the voltage- 
current conditions during reverse biased turn-off. This 
rating is verified under clamped conditions so that the 
device is never subjected to an avalanche mode. Figure 7 
gives RBSOA characteristics. 


FIGURE 6 — MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



1.0 2.0 3 0 5.0 7.0 10 20 30 50 70 100 

V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 7 — MAXIMUM RATED REVERSE BIAS 
SAFE OPERATING AREA 







TIP35, TIP35A, TIP35B, TIP35C,NPN, TIP36, TIP36A, TIP36B, TIP36C,PNP 


FIGURE 8 - INDUCTIVE LOAD SWITCHING 




NOTES. 

A. LI and L2 are 10 mH, 0.1 1 n, Chicago Standard Transformer Corporation C-2688, or equivalent 

B. Input pulse width is increased until Icm = -3.0 A 

C. For NPN, reverse all polarities 
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MOTOROLA 


NPN PNP 

TIP41 TIP42 
TIP41A TIP42A 
TIP41B TIP42B 
TIP41C TIP42C 


COMPLEMENTARY SILICON PLASTIC 
POWER TRANSISTORS 

. . . designed for use in general purpose amplifier and switching 
applications. 

• Collector-Emitter Saturation Voltage — 

VcE(sat) = 1 -5 Vdc (Max) @ Iq = 6.0 Adc 

• Collector-Emitter Sustaining Voltage — 

v CEO(sus) = 40 Vdc ( Min > ~ TIP41 , TIP42 

= 60 Vdc (Min) -TIP41A, TIP42A 
= 80 Vdc (Min) - TIP41 B, TIP42B 
= 100 Vdc (Min) - TIP41C, TIP42C 

• High Current Gain - Bandwidth Product 

f j = 3.0 MHz (Min) @ Iq = 500 mAdc 

• Compact TO-220AB Package 

• TO-66 Leadform Also Available 


6 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY SILICON 

40-60-80-100 VOLTS 
65 WATTS 


"MAXIMUM RATINGS 



Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 
Peak 


3 Current 


Total Power Dissipation 
@ T C = 25°C 
Derate above 25°C 


Total Power Dissipation 
@ T a = 25°C 
Derate above 25°C 


Unclamped Inductive 
Load Energy (1) 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


P D 


p D 


T J< T stg 


TIP41 

TIP42 


TIP41A 

TIP42A 


TIP41B 

TIP42B 


80 


80 


TIP41C 

TIP42C 


6 

- 10 - 


• 65 - 
0.52 


2.0 

0.016 


Watts 

W/°C 


Watts 

W/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.92 

°C/W 

Thermal Resistance .Junction to Ambient 

r 0JA 

62.5 

°C/W 

(1) l c = 2.5 A, L = 20 mH, P.R.F. = 10 Hz, V cc = 1QV, R BE = 

100 n. 




2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15 75 

0 575 

0 620 

B 

9 65 

10 29 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

~n 

0 36 

0 56 

0014 

0 022 

K 

1270 

1427 

0 500 

0 562 

L 

1 14 1 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 1 

2 79 

0.080 

0 110 

S 

1.14 

1.39 

0.045 

0 055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 ' 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 1 

- 

0.080 


CASE 221Ai02 
TO-220AB 


1-967 




TIP41, TIP41A, TIP41B, TIP41C, NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP 


ELECTRICAL CHARACTERISTICS (T c = 25°C unless otherwise noted) 

| Characteristic j Symbol | Min j Max | Unit~ 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(1C = 30 mAdc, Ib = °) 

TIP41 , TIP42 

TIP41 A, TIP42A 
TIP41 B, TIP42B 
TIP41C, TIP42C 

VcEO(sus) 

40 

60 

80 

100 


Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 30 Vdc, l B = 0) 

TIP41 , TIP41 A, TIP42, TIP42A 


- 

0.7 


(Vce = 60 Vdc, l B = O) 

TIP41 B, TIP41C, TIP42B, TIP42C 


- 

0.7 


Collector Cutoff Current 


'CES 



MAdc 

(Vce = 40 V dc, V EB = 0) 

TIP41 , TIP42 


- 

400 


(V CE = 60 Vdc,V EB =0) 

TIP41 A, TIP42A 


- 

400 


(V C E =80 Vdc, V EB = 0) 

TIP41 B, TIP42B 


- 

400 


(V CE = 100 Vdc, V EB = 0) 

TIP41C, TIP42C 


- 

400 


Emitter Cutoff Current 


•ebo 

- 

1.0 

mAdc 

(V BE = 5.0 Vdc, l C =0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

<I C = 0.3 Adc, V CE = 4.0 Vdc) 

(l c = 3.0 Adc, V CE = 4.0 Vdc) 

hpE 

30 

15 

75 

" 

Collector-Emitter Saturation Voltage 
(l C = 6.0 Adc, l B = 600 mAdc) 

VCE(sat) 

“ 

1.5 

Vdc 

Base-Emitter On Voltage 

(l c = 6.0 Adc, V CE = 4.0 Vdc) 

v BE(on) 

— ■ 

2.0 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product (2) 

(I C = 500 mAdc, V CE = 10 Vdc, f test = 1 MHz) 

*T 

3.0 

- 

MHz 

Small-Signal Current Gain 

(l C = 0.5 Adc, V CE = 10 Vdc, f = 1 kHz) 

lhfel 

20 

_ 

~ 


(1 ) Pulse Test: Pulsewidth < 300 ms. Duty Cycle < 2.0%. 


(2) fj - lhfel • f test 



0 20 40 60 80 100 120 140 160 

T, TEMPERATURE (°C> 


FIGURE 2 - SWITCHING TIME TEST CIRCUIT 

Vcc 

+30 V 


FIGURE 3 - TURN-ON TIME 


pi 

+11 V I 

0-J 

-9.0 V 


t r , tf<:10 ns 
DUTY CYCLE = 1.01 



RB and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS 

Di MUST BE FAST RECOVERY TYPE, eg. 
MBD5300 USED ABOVE Ib ~100 mA 
MSD6100 USED BELOW I b ^ 1 00 mA 
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TIP41, TIP41A, TIP41B, TIP41C, NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP 


FIGURE 4 - THERMAL RESPONSE 











IQ COLLECTOR CURRENT (*iA) V, VOLTAGE (VOLTS) hfE, DC CURRENT GAIN 


TIP41, TIP41A, TIP41B, TIP41C, NPN, TIP42, TIP42A, TIP42B, TIP42C, PNP 


FIGURE 8 - DC CURRENT GAIN FIGURE 9 - COLLECTOR SATURATION REGION 




FIGURE 10 - "ON" VOLTAGES 




0.06 0.1 0.2 0.3 0.5 1.0 2.0 3.0 0.4 

1C, COLLECTOR CURRENT (AMP) 


FIGURE 12 - COLLECTOR CUT-OFF REGION FIGURE 13 - EFFECTS OF BASE-EMITTER RESISTANCE 









MOTOROLA 


TIP47 TIP48 
TIP49 TIP50 


HIGH VOLTAGE NPN SILICON POWER TRANSISTORS 

. . . designed for line operated audio output amplifier, Switchmode 
power supply drivers and other switching applications. 


• 250 Vto400 V (Min) - V CE0 ( S us) 

• 1 A Rated Collector Current 

• Popular TO-220 Plastic Package 

• TO-66 Leadform Available 


1.0 AMPERE 

POWER TRANSISTORS 
NPN SILICON 

250-300-350-400 VOLTS 
40 WATTS 


MAXIMUM RATINGS 


Rating 

Symbol 

TIP47 

TIP48 

TIP49 

TIP50 

Unit 

Collector-Emitter Voltage 

v CEO 

250 

300 

350 

400 

Vdc 

Collector-Base Voltage 

V CB 

350 

400 

450 

500 

Vdc 

Emitter-Base Voltage 

V EB 

-*f 5.0 ► 

Vdc 

Collector Current — Continuous 
Peak 

•c 

1.0 ► 

2.0 ► 

Adc 

Base Current 

>B 

0.6 ► 

Adc 

Total Power Dissipation 
@ T C = 25° C 

Derate above 25° C 

P D 

40 ► 

-*• 0.32 ► 

Watts 

W/°C 

Total Power Dissipation 
@ T A = 25° C 

Derate above 25° C 

P D 

^ 2.0 ► 

0.016 ► 

Watts 

W/°C 

Unclamped Inducting Load 
Energy (See Figure 8) 

E 

20 ► 

mJ 

Operating and Storage Junction 
Temperature Range 

Tj/^stg 

65 to +150 ► 

°C 



THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

3.125 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

62.5 

°C/W 




2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES | 

MIN 

MAX 

MIN 

MAX 


1460 

15 75 

0 575 

0 620 

B 1 

9 65 

10 29 

0 380 

0 405 

C 

h 4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

1270 

14 27 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0.190 

0210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2 79 

0 080 

0 110 

S 

1 14 

1 39 

0 045 

0 055 

T 

5.97 

6.48 

0.235 

0.255 

U 

0.00 

1.27 

0.000 

0.050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 
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TIP47, TIP48, TIP49, TIP50 NPN 


ELECTRICAL CHARACTERISTICS {Tq - 25°C unless otherwise noted) 

| Characteristic | Symbol f Min | Max | Unit* 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 

(IC * 30 mAdc, l B = 0) 

TIP47 

TIP48 

TIP49 

TIP50 

v CEO(sus) 

250 

300 

350 

400 

- 

Vdc 

Collector Cutoff Current 


'CEO 



mAdc 

(V CE = 150 Vdc, l B = 0) 

TIP47 


- 

1.0 


(V CE = 200 Vdc, l B = 0) 

TIP48 


- 

1.0 


(V CE = 250 Vdc, l B = 0) 

TIP49 


- 

1.0 


(V C E =300 Vdc, l B = 0) 

TIP50 


- 

1.0 ; 


Collector Cutoff Current 


'CES 



mAdc 

(V CE = 350 Vdc, V BE = 0) 

TIP47 


- 

1.0 


( V CE = 400 Vdc, V BE = 0) 

TIP48 


- 

1.0 


(V CE = 450 Vdc, V BE = 0) 

TIP49 


- 

1.0 


(V CE = 500 Vdc, V BE = 0) 

TIP50 


- 

1.0 


Emitter Cutoff Current 


*EBO 

- 

1.0 

mAdc 

(V BE = 5.0 Vdc, I C = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(l C = 0.3 Adc, V CE = 10 Vdc) 

(I C = 1.0 Adc, V CE = 10 Vdc) 

hpE 

30 

10 

150 

~ 

Collector-Emitter Saturation Voltage 
(IC= 1.0 Adc, l B = 0.2 Adc) 

v CE(sat) 

- 

1.0 

Vdc 

Base-Emitter On Voltage 

(l c = 1.0 Adc, V CE = 10 Vdc) 

v BE(on) 

- 

1.5 

Vdc 


DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 

(IC = 0.2 Adc, V CE = 10 Vdc, f = 2.0 MHz) 


10 

- 

MHz 

Small-Signal Current Gain 

(IC = 0.2 Adc, V CE = 10 Vdc, f = 1.0 kHz) 


25 

- 

- 


(1) Pulse Test: Pulsewidth ^ 300 jus. Duty Cycle ^ 2.0%. 


FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUIT 

TURN-ON PULSE 



RB and Rc VARIED TO OBTAIN 
DESIRED CURRENT LEVELS. 



I C , COLLECTOR CURRENT (AMPS) 
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r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED) 



FIGURE 5 - ACTIVE REGION SAFE OPERATING AREA 



5.0 10 20 50 100 200 500 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


FIGURE 6 - TURN-OFF TIME 



There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown. 
Safe operating area curves indicate Ic^CE limits of the transistor 
that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j( p |<) ~ 150°C; Tq is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided T j(pk) ^ 150°C. Tj(p^) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown. 


FIGURE 7 - TEMPERATURE COEFFICIENTS 
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MOTOROLA 


NPN PNP 

TIP100 TIP105 
TIP101 TIP106 
TIP102 TIP107 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

h FE = 2500 (Typ) @ l C = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 30 mAdc 

v CEO(sus) = 60 Vdc (Min) - TIP100, TIP105 
= 80 Vdc (Min) - TIP101 , TIP106 
= 100 Vdc (Min) - TIP102, TIP107 

• Low Collector-Emitter Saturation Voltage - 

VcE(sat) = 2.0 Vdc (Max) @ lc = 3.0 Adc 
= 2.5 Vdc (Max) @ l C = 8.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
80 WATTS 


"MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 


Unclamped Inductive Load Energy (1) 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


PD 


T J> T stg 


TIP100, 

TIP105 


TIP101 , 
TIP106 


TIP102, 

TIP107 


- 8 . 0 - 
- 15 - 


- 80 - 
- 0.64 • 


- 2.0 - 

- 0.016 - 


-65 to +1 50 - 


Watts 

W/°C 


Watts 

W/°C 


°C 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.56 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

°c/w 


(1) lc * 1.1 A, L = 50 mH, P.R.F. = 10 Hz, Vqc = 20 V, R B E = 100 SI. 




2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

15 75 

0 575 

0 620 

B 

9 65 

10 29 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

241 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0210 

Q 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2 79 

0 080 

0 110 


1 14 

1 39 

0 045 

0 055 

T 

5 97 

6 48 

0 235 

0 255 

U 

0.00 

1 27 

0 000 

0 050 

V 

1.14 

- 

0.045 

- 

z 

- 

2 03 

- 

0.080 


CASE 221A-02 
T O-220AB 


1-975 





TIP100, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP 


1.3 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 

Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


VcEO(sus) 




(1C - 30 mAdc, l B = 0) 

TIP100, TIP105 


60 

- 

■ 


TIP101 , TIP106 


80 

- 

■ 


TIP102, TIP107 


100 

- 


Collector Cutoff Current 


*CEO 




(V C F. =30 Vdc, l B = 0) 

TIP100, TIP105 


- 

50 

| 

(VcE = 40 Vdc, l B = 0) 

TIP101 , TIP106 


- 

50 

■ 

(V C E = 50 Vdc, l B = 0) 

TIP102, TIP107 


- 

50 

| 

Collector Cuttoff Current 


•CBO 




(V CB =60 Vdc, l E = 0) 

TIP100, TIP105 


- 

50 

|| 

(V C B = 80 Vdc, l E = 0) 

TIP101, TIP106 


_ 

50 


(V CB = 1.00 Vdc, l E = 0) 

TIP102, TIP107 


- 

50 

■ I 

Emitter Cutoff Current 


'EBO 

- 

8.0 


(V BE =5.0 Vdc, l C = 0) 





■MNH 


ON-CHARACTERISTICS |1) 


DC Current Gain 

(lC = 3.0 Adc, V C E =4.0 Vdc) 

(l C = 8.0 Adc, V CE = 4.0 Vdc) 

h F E 

1000 

200 

20,000 

- 

Collector-Emitter Saturation Voltage 

VcE(sat) 




(Iq = 3.0 Adc, l B = 6.0 mAdc) 


— 

2.0 


(l C = 8.0 Adc, l B = 80 mAdc) 

1 

- 

2.5 


Base-Emitter On Voltage 

v BE(on) 



Vdc 

(l c = 8.0 Adc, V CE = 4.0 Vdc) 


- 

2.8 



DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l C = 3.0 Adc, V CE = 4.0 Vdc, f = 1 .0 MHz) 

Ihfe 1 

4.0 



Output Capacitance 

c ob 



pF 

<V CB = 10 Vdc, l E = 0, f = 0.1 MHz) TIP105, TIP106, TIP107 


- 

300 


TIPI 00, Tl PI 01 , TIPI 02 


- 

200 



(1 ) Pulse Test: Pulse Width < 300 ms, Duty Cycle < 2%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



t r , tf 10 ns For NPN test circuit reverse all polarities. 

DUTY CYCLE = 1 0% 


FIGURE 3 - SWITCHING TIMES 



1C, COLLECTOR CURRENT (AMP) 









TIPI 00, TIP101, TIP102 NPN/TIP105, TIP106, TIP107 PNP 


FIGURE 4 - THERMAL RESPONSE 



FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate Iq — Vqe limits of the tran- 
sistor that must be observed for reliable operation, i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on T j(pk ) = 150°C; is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj(pj < ) < 150°C. T j ( pk ) ma V be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN FIGURE 7 - CAPACITANCE 
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MOTOROLA 


NPN PNP 

TIPI 10 TIP115 
TIP111 TIP116 
TIP112 TIP117 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain — 

hpE = 2500 (Typ) @ lc = 1.0 Adc 

• Collector-Emitter Sustaining Voltage — @ 30 mAdc 

Vceo(sus) = 60 Vdc (Min) — TIP1 10, TIP1 15 
= 80 Vdc (Min) - TIP1 1 1 , TIP1 16 
= 100 Vdc (Min) - TIP1 12, TIP1 17 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 2.5 Vdc (Max) @ lc = 2.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


DARLINGTON 
2 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
50 WATTS 


"MAXIMUM RATINGS 


Rating 

Symbol 

TIP1 10, 
TIP115 

TIP1 1 1, 
TIP1 16 

TIPI 12, 
TIP1 17 

Unit 

Collector-Emitter Voltage 

v CEO 

60 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

< 

m 

CD 

5.0 ► 

Vdc 

Collector Current — Continuous 

Peak 

'c 

2.0 ► 

4.0 ► 

Adc 

Base Current 

! b 

50 ► 

mAdc 

Total Power Dissipation @ Tq = 25°C 
Derate above 25°C 

Pd 

50 ► 

0.4 ► 

Watts 

W/°C 

Total Power Dissipation @ T/\ = 25°C 
Derate above 25°C 

Pd 

2.0 ► 

0.016 ► 

Watts 

W/°C 

Unclamped Inductive 

Load Energy — Figure 13 

E 

25 ► 

mJ 

Operating and Storage Junction, 

T J* T stg 

-65 to +150 ► 

°C 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

2.5 

°C/W 

Thermal Resistance, Junction to Ambient 

r 0JA 

62.5 

o 

o 




2 COLLECTOR 

3 EMITTER 

4 COLLECTOR 


$ 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

1460 

1575 

0 575 

0.620 

B 

9 65 

1029 

0 380 

0 405 

C 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0 142 

0 147 

G 

2 41 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 

J 

0 36 

0 56 

0014 

0 022 

K 

12 70 

1427 

0 500 

0 562 

L 

1 14 

1 39 

0 045 

0 055 

N 

4 83 

5 33 

0 190 

0 210 

0 

2 54 

3 04 

0 100 

0 120 

R 

2 04 

2 79 

0.080 1 

0 110 

S 

1.14 

1 39 

0 045 

0 055 

T 

5 97 

6 48 

0 235 

0.255 

U 

0.00 

1 27 

0.000 

0 050 

V 

1.14 

- 

0.045 

- 

z 

- 

2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 
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TIP1 10, TIP1 11, TIP1 12, NPN, TIP1 15, TIP1 16, TIP1 17, PIMP 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 

Characteristic 1 Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(l c = 30 mAdc, l B = 0) 

TIP1 10, TIP1 15 

TIP1 1 1 , TIP1 16 

TIP1 12, TIP1 17 

V CEO(sus) 

60 

80 

100 


Vdc 

Collector Cutoff Current 


'CEO 




(V C e = 30 Vdc, I b = 0) 

TIP1 10, TIP1 15 


- 

2.0 

■ | 

(V CE = 40 Vdc, l B = 0) 

TIP1 11, TIP1 16 


- 

2.0 

■ | 

(Vq E ~ 50 Vdc, l B = 0) 

TIP1 12, TIP1 17 


- 

2.0 


Collector Cutoff Current 


*CBO 



■I 

(V C B =60 Vdc, l£ =0) 

TIP1 1 0, TIP1 1 5 


*- 

1.0 

1 1 

(V CB = 80 Vdc, l E = 0) 

TIP1 1 1 , TIP1 16 


- 

1.0 

| 

(V C B = 100 Vdc, l E = 0) 

TIP1 12, TIP1 1 7 


- 

1.0 

| | 

Emitter Cutoff Current 


<EBO 

- 

2.0 

mAdc 

(V be = 5.0 Vdc, l C = 0) 







ON CHARACTERISTICS (1) 


DC Current Gain 

(l c = 1 .0 Adc, V CE = 4.0 Vdc) 

(l c = 2.0 Adc,V CE =4.0 Vdc) 

hpE 

1000 

500 

- 

— 

Collector-Emitter Saturation Voltage 
(lc = 2.0 Adc, l B = 8.0 mAdc) 

v CE(sat) 

- 

2.5 

Vdc 

Base-Emitter On Voltage 

(1C = 2.0 Adc, V CE = 4.0 Vdc) 

^BE(on) 

_ 

2.8 

Vdc 


DYNAMIC CHARACTERISTICS 


Small-Signal Current Gain 

(l c = 0.75 Adc, V C E = 10 Vdc, f = 1 .0 MHz) 

|hf e l 

25 

_ 

_ 

Output Capacitance 

Cob 



pF 

(V CB = 10 Vdc, l E =0,f = 0.1 MHz) TIP1 1 5, TIP1 16, TIP1 1 7 


- 

200 


TIP1 10, TIP1 1 1, TIP1 1 2 


- 

100 



(1) Pulse Test: Pulse Width < 300 /lis. Duty Cycle < 2%. 


FIGURE 2 - SWITCHING TIMES TEST CIRCUIT 



polarities and input pulses 


FIGURE 3 - SWITCHING TIMES 



1-980 






TIP1 10, TIP111, TIP1 12, NPN, TIP115, TIP1 16, TIP117, PNP 


FIGURE 4 - THERMAL RESPONSE 
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D CURVES APPLY FOR POWER 


PULSE TRAIN SHOWN 


III 


ACTIVE-REGION SAFE-OPERATING AREA 


FIGURE 5 - TIP1 15. 116, 117 
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BONDING WIRE LIMITED 

THERMALLY LIMITED 

@T C = 25°C (SINGLE PULSE) 

—SECONDARY BREAKDOWN LIMITED 

CURVES APPLY B EL p'w* 1 J 

RATED V CE0 


FIGURE 6 -TIP110, 111,112 
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BONDING WIRE LIMITED 

■ THERMALLY LIMITED 

@T C = 25°C (SINGLE PULSE) ■■ 

—SECOND BREAKDOWN LIMITED 

[_ CURVES APPLY BELOW |~[ — - 

RATED V CE0 


V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


V CE , COLLECTOR EMITTER VOLTAGE (VOLTS) 


FIGURE 7 - CAPACITANCE 


There are two limitations on the power handling ability of a 
transistor, average junction temperature and second breakdown 
Safe operating area curves indicate 1^: — VcE the tran- 

sistor that must be observed for reliable operation, i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate 

The data of Figures 5 and 6 is based on Tj( p j<) = 150°C; Tq is 
variable depending on conditions. Second breakdown pulse limits 
are valid for duty cycles to 10% provided Tj( p j<) <150°C. Tj( p |<) 
may be calculated from the data in Figure 4. At high case tempera- 
tures, thermal limitations will reduce the power that can be handled 
to values less than the limitations imposed by second breakdown. 
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NPN PNP 

TIP120 TIP125 
TIP121 TIP126 
TIP122 TIP127 



MOTOROLA 


PLASTIC MEDIUM-POWER 
COMPLEMENTARY SILICON TRANSISTORS 

. . . designed for general-purpose amplifier and low-speed switching 
applications. 

• High DC Current Gain - 

h FE = 2500 (Typ) @ lc = 4.0 Adc 

• Collector-Emitter Sustaining Voltage - @ 100 mAdc 

v CEO(sus) = 60 Vdc (Min) ~ TIP120, TIP125 
= 80 Vdc (Min) -TIP121, TIP126 
= 100 Vdc (Min) - TIP122, TIP127 

• Low Collector-Emitter Saturation Voltage — 

v CE(sat) = 2.0 Vdc (Max) @ 1 C = 3.0 Adc 
= 4.0 Vdc (Max) @ lc = 5.0 Adc 

• Monolithic Construction with Built-In Base-Emitter 

Shunt Resistors 

• TO-220AB Compact Package 

• TO-66 Leadform Also Available 


DARLINGTON 
8 AMPERE 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-80-100 VOLTS 
65 WATTS 


"MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
Peak 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 


Unclamped Inductive 
Load Energy (1) 


Operating and Storage Junction, 
Temperature Range 


Symbol 


v CEO 


V CB 


V EB 


PD 


PD 


Ti* T stg 


TIP120, 

TIP125 


TIP121 , 
TIP126 


TIP122, 

TIP127 


100 


■ 5.0 

8.0 


- 2.0 - 

0.016 • 


Watts 

W/°C 


Watts 

W/°C 



THERMAL CHARACTERISTICS 


Characteristics 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

Rejc 

1.92 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

62.5 

°c/w 


(1) Iq = 1 A, L = 100 mH, P.R.F.= 10 Hz, V cc = 20 V, R BE = 100 U. 


ta Tc 

4.0 80 


< 3.0 6 


FIGURE 1 - POWER DERATING 
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60 80 100 
T, TEMPERATURE (°C) 



2. COLLECTOR 

3 EMITTER 

4 COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

Ha - 

1460 

15 75 

0 575 

0 620 

b 

9 65 

1029 

0 380 

0 405 

c 

4 06 

4 82 

0 160 

0 190 

D 

0 64 

0 89 

0 025 

0 035 

F 

361 

3 73 

0.142 

0 147 

G 

241 

2 67 

0 095 

0 105 

H 

2 79 

3 93 

0 110 

0 155 


0 36 

0 56 

0014 

0 022 

~n 

12 70 

1427 

0 500 

0 562 

L 

1.14 

1 39 

0 045 

0 055 

T1 

4 83 

5 33 

0 190 

0.210 

0 

2 54 

3 04 

0.100 

0 120 

R 

2 04 

2.79 

0.080 

0.110 

S 

1.14 

1 39 

0 045 

0 055 


5.97 

6.48 

0 235 

0.255 

u 

0 00 

1 27 

0.000 

0.050 

V 

1 U 

- 

0.045 

- 

z 


2.03 

- 

0.080 


CASE 221A-02 
TO-220AB 


1-982 





TIPI 20, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP 


1.3 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


[ Characteristic 


Symbol 

Min 

Max 

Unit 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 


V CEO(sus) 



Vdc 

(l c = 100 mAdc, l B = 0) 

TIP120, TIP125 


60 

— 



TIP121 , TIP126 


80 

- 



TIP122, TIP127 


100 

- 


Collector Cutoff Current 


■ 



mAdc 

(V C E =30 Vdc, l B = 0) 

TIP120, TIP125 


- 

0.5 


(V CE =40Vdc, l B = 0) 

TIP121 , TIP126 

■ 

— 

0.5 


(Vce = 50 Vdc, l B = 0) 

TIP122, TIP127 

■ | 


0.5 


Collector Cutoff Current 


MM 



mAdc 

(V CB =60 Vdc, l E =0) 

TIP120, TIP125 


- 



(V CBl =80 Vdc, l E = 0) 

TIPI 21 , TIP126 

M M 

- 

M M 


(V C B - 100 Vdc, l E = 0) 

TIP122, TIP127 

H ■ 

- 



Emitter Cutoff Current 


mmssm 

_ 

2.0 


(V BE - 5.0 Vdc, l c = 0) 


■HI 




ON CHARACTERISTICS (1) 

DC Current Gain 


h F E 



- 

(l C = 0.5 Adc, V CE =3.0 Vdc) 



1000 



(1C = 3.0 Adc, V CE = 3.0 Vdc) 



1000 

- 


Collector-Emitter Saturation Voltage 





Vdc 

(lc ~ 3.0 Adc, l B = 12 mAdc) 


v t \$9tJ 

_ 

2.0 


(l C = 5.0 Adc, l B = 20 mAdc) 



- 

4.0 


Base-Emitter On Voltage 


v BE(on) 



Vdc 

(l C - 3.0 Adc, V CE = 3.0 Vdc) 



- 

2.5 


DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 


|hf e l 




<I C = 3.0 Adc, V CE = 4.0 Vdc, f = 1 .0 MHz) j 


4.0 

- 

- 

Output Capacitance 


^ob 



PF 

(Vq B = 10 Vdc, l E = 0, f = 0.1 MHz) 

TIP125, TIP126, TIP127 


- 

300 



TIPI 20, TIPI 21 , TIPI 22 


- 

200 










-SIGNAL CURRENT GAIN - *C. COLLECTOR CURRENT (AMP) r(t), TRANSIENT Tl 


TIP120, TIP121, TIP122, NPN, TIP125, TIP126, TIP127, PNP 


FIGURE 4 - THERMAL RESPONSE 



DUTY CYCLE, 0 = ti/t2 


Tj(pk) -Tc = P(pk)Z0JC(t) 


FIGURE 5 - ACTIVE-REGION SAFE OPERATING AREA 



THERMALLY LIMITED @ Tc * 25°C 


(SINGLE PULSE) 


SECOND BREAKDOWN LIMITED 


CURVES APPLY BELOW RATED VcEO 


TIPI 20, TIPI 25, 


TIP 12 1, TIPI 26, 


2.0 3.0 5.0 7 0 10 20 30 50 70 100 

V C E. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown. 
Safe operating area curves indicate l^ — Vqe limits of the tran- 
sistor that must be observed for reliable operation; i.e., the transistor 
must not be subjected to greater dissipation than the curves indicate. 

The data of Figure 5 is based on Tj( p k) = 150°C; T q is variable 
depending on conditions. Second breakdown pulse limits are valid 
for duty cycles to 10% provided Tj( p k) < 150°C. Tj( p |<) may be 
calculated from the data in Figure 4. At high case temperatures, 
thermal limitations will reduce the power that can be handled to 
values less than the limitations imposed by second breakdown 


FIGURE 6 - SMALL-SIGNAL CURRENT GAIN 


FIGURE 7 - CAPACITANCE 
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MOTOROLA 


DARLINGTON COMPLEMENTARY 
SILICON POWER TRANSISTORS 

. . . designed for general-purpose amplifier and lowfrequency 
switching applications. 

• High DC Current Gain — Min hpg = 1 000 @ Iq = 5 A, Vqe = 4 V 

• Collector-Emitter Sustaining Voltage — @ 30 mA 

VcEO(sus) = 60 Vdc (Min) — TIPI 40, TIPI 45 
80 Vdc (Min) — TIP141, TIP146 
100 Vdc (Min) — TIP142, TIP147 

• Monolithic Construction with Built-In Base-Emitter Shunt Resistor 


MAXIMUM RATINGS 

Rating 

Symbol 

TIPI 40 
TIPI 45 

TIPI 41 

TIPI 46 

TIPI 42 

TIPI 47 

Unit 

Collector-Emitter Voltage 

v CE0 

60 

80 

100 

Vdc 

Collector-Base Voltage 

V CB 

60 

80 

100 

Vdc 

Emitter-Base Voltage 

V EB 

5.0 

Vdc 

Collector Current — Continuous 
Peak (1) 

>c 

10 

15 

Adc 

Base Current — Continuous 

'b 

0.5 

Adc 

Total Device Dissipation 
@T C = 25°C 

p D 

125 

Watts 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +1 50 

°C 

THERMAL CHARACTERISTICS 

Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1 0 

°C/W 

Thermal Resistance, Case to Ambient 

r 0JA 

35 7 

°c/w 

(1)5 ms, ^10% Duty Cycle 


DARLINGTON SCHEMATICS 




10 AMPERE 
DARLINGTON 

COMPLEMENTARY SILICON 
POWER TRANSISTORS 

60-100 VOLTS 
1 25 WATTS 



HIK-J 

hI— 


STYLE 1 : 

- 1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES i 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

G 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12,70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

in 

12.19 

12.70 

0.480 

0.500 

Q 

3.94 

4.19 

0.155 

0.165 


CASE 340-01 
TO-218AC 


1-986 




TIPI 40, TIP141 , TIPI 42 NPN, TIP145, TIP146, TIP147 PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 


j Characteristic 

| Symbol | 

Min 

| Typ 

Max | 

Unit ] 

OFF CHARACTERISTICS 







Collector-Emitter Sustaining Voltage (1) 
(IC= 30 mA, l B = 0) 

TIPI 40, TIPI 45 
TIP141, TIP146 
TIP142, TIPI 47 

v CEO(sus) 

60 

80 

100 

- 

- 

Vdc 

Collector Cutoff Current 


•CEO 




mA 

(V CE = 30 Vdc, l B = 0) 

TIPI 40, TIPI 45 


— 

— 

2.0 


(V CE = 40 Vdc, Ib = 0) 

TIPI 41 , TIP146 


— 

— 

2.0 


(V CE = 50 Vdc, l B = 0) 

TIPI 42, TIPI 47 


— 

- 

2.0 


Collector Cutoff Current 


•CBO 




mA 

(Vcb- 60 V,l E = 0) 

TIPI 40, TIPI 45 


— 

— 

1.0 


(V CB = 80 V, l E = 0) 

TIPI 41, TIPI 46 


— 

— 

1.0 


(V CB = 100 V, l E = 0) 

TIPI 42, TIPI 47 


— 

— 

1.0 


Emitter Cutoff Current Vg E = 5.0 V 

>EB0 

- 

- 

2.0 

mA 


ON CHARACTERISTICS (1) 


DC Current Gain 
(Iq = 5.0 A, V CE = 4.0 V) 

0c= 10 A, V CE = 4.0 V) 

h FE 

1000 

500 

- 



Collector-Emitter Saturation Voltage 
(l c - 5.0 A, l B = 10 mA) 

(l c = 10 A, l B = 40 mA) 

v CE(sat) 

- 

- 

2.0 

3.0 

Vdc 

Base-Emitter Saturation Voltage 
(l C = 10 A, l B = 40 mA) 

v BE(sat) 

— 

— 

3.5 

Vdc 

Base-Emitter On Voltage 
(l c = 10 A, Vq E = 4.0 Vdc) 

v BE(on) 

— 

— 

3.0 

Vdc 


SWITCHING CHARACTERISTICS 


Resistive Load (See Figure 1 ) 






Delay Time 

(V C c = 30 V, l c = 5.0 A, 

l B = 20 mA, Duty Cycle ^ 2 0%, 

•bI = , B2' R C & R B Varied, Tj = 25°C) 

td 

- 

0.15 

- 

MS 

Rise Time 

tr 

— 

0.55 

— 

M S 

Storage Time 

ts 

— 

2.5 

— 

MS 

Fall Time 

tf 

- 

2.5 

- 

MS 


(1 ) Pulse Test Pulse Width = 300 /ns, Duty Cycle ^ 2 0% 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


FIGURE 2 - SWITCHING TIMES 



For NPN test circuit reverse diode and voltage polarities. 
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1C, COLLECTOR CURRENT (AMP) 


1-987 












TIPI 40, TIP141 , TIPI 42 NPN, TIP145, TIP146, TIP147 PIMP 


ACTIVE-REGION SAFE OPERATING AREA 


There are two limitations on the power handling ability of a 
transistor: average junction temperature and second breakdown 
Safe operating area curves indicate lc -V CE limits of the 
transistor that must be observed for reliable operation; i.e., the 
transistor must not be subjected to greater dissipation than the 


FIGURE 6 - ACTIVE-REGION SAFE OPERATING AREA 



21 -1 1 i I I I 1 1 — I — I 

10 15 20 30 50 70 100 


V CE , COLLECTOR-EMITTER VOLTAGE (VOLTS) 


curves indicate. 

The data of Figure 6 is based on Tj( p |<) = 1 50°C; Tq is variable 
depending on conditions At high case temperatures, thermal 
limitations will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 

FIGURE 7 — UNCLAMPED INDUCTIVE LOAD 



FIGURE 8 — INDUCTIVE LOAD 



NOTE 1 Input pulse width is increased until IcM = 1 42 A 
NOTE 2: For NPN test circuit reverse polarities 



VcE(sat) --j — p 

-20 vH 
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VOLTAGE AND CURRENT WAVEFORMS 


FIGURE 9 - MAGNITUDE OF COMMON EMITTER 
SMALL-SIGNAL SHORT-CIRCUIT FORWARD 
CURRENT TRANSFER RATIO 


FIGURE 10 - FREE-AIR TEMPERATURE 
POWER DERATING 
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1-989 






NPN PNP 
TIP3055 TIP2955 



MOTOROLA 


COMPLEMENTARY SILICON POWER TRANSISTORS 

. . . designed for general-purpose switching and amplifier 
applications. 

• DC Current Gain — hpE = 20-70 @ |q = 4.0 Adc 

• Collector-Emitter Saturation Voltage — VcEE( sa t)= 1 .1 Vdc (Max) 

@ lc = 4.0 Adc 

• Excellent Safe Operating Area 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


15 AMPERE 
POWER TRANSISTORS 

COMPLEMENTARY SILICON 

60 VOLTS 
90 WATTS 


Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

v CE0 

60 

Vdc 

Collector-Emitter Voltage 

V CER 

70 

Vdc 

Collector-Base Voltage 

V CB 

100 

Vdc 

Emitter-Base Voltage 

Veb 

7.0 

Vdc 

Collector Current — Continuous 

•c 

15 

Adc 

Base Current 

■b 

7.0 

Adc 

Total Power Dissipation @ Tq = 25°C 

Derate above 25°C 

Pd 

90 

0.72 

Watts 

W/°C 

Operating and Storage Junction 
Temperature Range 

T J- T stg 

-65 to +1 50 

°C 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Case 

R 0JC 

1.39 

°C/W 

Thermal Resistance, Junction to Ambient 

R 0JA 

35.7 

°c/w 





Hi— 


STYLE 1 

1. BASE 

2. COLLECTOR 

3. EMITTER 

4. COLLECTOR 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

20.32 

21.08 

0.800 

0.830 

B 

15.49 

15.90 

0.610 

0.626 

C 

4.19 

5.08 

0.165 

0.200 

D 

1.02 

1.65 

0.040 

0.065 

E 

1.35 

1.65 

0.053 

0.065 

T 

5.21 

5.72 

0.205 

0.225 

H 

2.41 

3.20 

0.095 

0.126 

J 

0.38 

0.64 

0.015 

0.025 

K 

12.70 

15.49 

0.500 

0.610 

L 

15.88 

16.51 

0.625 

0.650 

N 

12.19 

12.70 

0.480 

0.500 

Q 

4.04 

4.22 

0.159 

0.166 


CASE 340-01 
(TO-218AC) 
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TIP3055NPN, TIP2955PNP 


ELECTRICAL CHARACTERISTICS (Tq = 25°C unless otherwise noted) 

Characteristlc | Symbol j Min | Max [ Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1 ) 

(1C = 30 mAdc, Ib = 0) 

v CEO(sus) 

60 

— 

Vdc 

Collector Cutoff Current 
(V C E = 70 Vdc, R BE = 1 00 Ohms) 

•CER 

— 

1.0 

mAdc 

Collector Cutoff Current 
(Vce - 30 Vdc, Ib - 0) 

'CEO 

— 

0.7 

mAdc 

Collector Cutoff Current 
(V CE = 1 00 Vdc, V BE (off)=15 Vdc) 

*CEV 

- 

5.0 

mAdc 

Emitter Cutoff Current 
(V BE = 7.0 Vdc, l C = 0) 

'EBO 

— 

5.0 

mAdc 


ON CHARACTERISTICS (1) 


DC Current Gain 
(lC = 4.0 Adc, V CE = 4.0 Vdc) 

(lc= 10 Adc, Vce = 4 0 Vdc) 

h F E 

20 

5.0 

70 

“ 

Collector-Emitter Saturation Voltage 
(lC = 4.0 Adc, l B = 400 mAdc) 

(l C = 10 Adc, l B = 3.3 Adc) 

v CE(sat) 

- 

1.1 

3.0 

Vdc 

Base-Emitter On Voltage 
(lC = 4.0 Adc, V CE = 4.0 Vdc) 

v BE(on) 

— 

1.8 

Vdc 


SECOND BREAKDOWN 


Second Breakdown Collector Current with Base Forward Biased 

•s/b 

3.0 

— 

Adc 

<Vqe = 30 Vdc, t = 1 .0 s; Nonrepetitive) 






DYNAMIC CHARACTERISTICS 


Current Gain — Bandwidth Product 
(l C = 0.5 Adc, V C e = 1 0 Vdc, f = 1 .0 MHz) 

*T 

2.5 

- 

MHz 

Small-Signal Current Gain 
(V C e = 4.0 Vdc, l c = 1 0 Adc, f = 1 .0 kHz) 

h fe 

15 

— 

kHz 


(1 ) Pulse Test: Pulse Width = 300 /js. Duty Cycle ^2.0%. 

Note For additional design curves, refer to electrical characteristics curves of 2N3055 


FIGURE 2 - MAXIMUM RATED FORWARD BIAS 
SAFE OPERATING AREA 



There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate IC“VCE 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 2 is based on Jq = 25°C; Tj( p k) is 
variable depending on power level. Second breakdown 
pulse limits are valid for duty cycles to 1 0% but must be 
derated for temperature. 


1-991 








